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IN  MEMORY  OF  ACADEMICIAN  NIKOLAI  DMITRIEVICH  ZELINSKII 
(ON  THE  HUNDREDTH  ANNIVERSARY  OF  HIS  BIRTH) 


N.  I.  Shuikin 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  1,  pp.  I-Vin, 
January,  1961 

Original  article  submitted  November  12,  1960 


February  6, 1961  marks  the  hundredth  anniversary  of  the  birth  of  Academician  Nikolai  Dmitrievich  Zelinskii  — 
professor  at  the  Moscow  State  University,  tutor  and  head  of  the  major  Soviet  school  of  organic  chemists,  founder  of 
the  science  of  catalytic  transformations,  inventor  of  the  first  universal  gas  mask. 

Having  obtained  his  education  in  the  natural  sciences  at  Novorossiisk  (Odessa)  University,  and  then  for  a  number 
of  years  abroad  (Leipzig,  Gottingen),  Nikolai  Dmitrievich  up  to  1893  conducted  pedagogical  and  scientific  research 
work  in  the  field  of  organic  chemistry  at  Novorossiisk  University,  where  he  completed  and  brilliantly  defended  his 
Master's  (1889)  and  Doctor's  (1891)  theses. 

Personal  contact  with  his  famous  teachers  (A.  A.  Verigo,  P.  G.  Melikishvili,  I.  M.  Sechenov,  1. 1.  Mechnikov, 

O.  A.  Kovalevskii,  J.  Wislicenus,  V.  Meyer),  and  later  his  association  with  the  leaders  of  Russian  progressive  natural 
science  (K.  A.  Timiryazev,  N.  A.  Umov,  P.  N.  Lebedev,  A.  G.  Stoletov,  I.  P.  Pavlov),  exerted  a  decisive  influence  on 
the  molding  of  the  materialistic  world  outlook  of  N.  D.  Zelinskii —naturalist  with  a  broad  range  of  scientific  interests. 

Beginning  with  the  second  half  of  1893  and  up  to  his  death  on  July  31,  1953,  Nikolai  Dmitrievich  conducted 
scientific  and  pedagogical  work  at  the  Moscow  State  University,  where  up  to  1930  he  headed  the  combined  Depart¬ 
ments  of  Organic  and  Analytical  Chemistry,  and  then  —  up  to  the  last  days  of  his  life  —  the  Department  of  Petroleum 
Chemistry.  Together  with  this,  N.  D.  directed  a  major  section  of  the  Institute  of  Organic  Chemistry  of  the  Academy 
of  Sciences  of  the  USSR,  composed  of  the  laboratories:  Kinetics  of  Catalytic  Organic  Reactions,  Catalytic  Synthesis, 
and  Organic  Catalysis;  and  he  also  directed  a  section  in  the  Petroleum  Institute  of  the  Academy  of  Sciences  of  the  USSR. 
In  addition,  N.  D.  was  co-director  with  L.  F.  Vereshchagin  in  the  Institute  of  Organic  Chemistry  of  the  Academy  of 
Sciences  of  the  USSR  of  the  Ultrahigh  Pressure  Laboratory,  created  on  his  initiative. 

The  main  directions  of  the  vast  and  actual  scientific  research  work  of  N.  D.  Zelinskii  are  the  synthesis  and 
catalytic -contact  transformations  of  hydrocarbons,  the  chemistry  of  petroleum,  organic  catalysis  and  the  development 
of  scientific  foundations  for  selecting  hydrogenation  and  dehydrogenation  catalysts,  and  also  the  chemistry  of  proteins. 

In  collaboration  with  his  students  and  co-workers  he  published  approximately  600  scientific  papers.  Mention  should 
be  made  of  the  distinguished  studies  of  N.  D.  on  the  cracking  of  petroleum  hydrocarbons  on  natural  aluminosilicates 
and  synthetic  oxide  catalysts,  preceding  the  E.  Houdry  patent  by  more  than  20  years  [1,  2]. 

On  the  basis  of  his  experimental  studies  and  theoretical  concepts,  N.  D.  at  the  height  of  the  First  World  War 
invented  the  first  universal  carbon  gas  mask,  which  in  1916  was  adopted  to  outfit  the  Russian  army  and  saved  the  lives 
and  health  of  tens  of  thousands  of  Russian  soldiers  [3-5].  Mention  should  also  be  made  of  the  very  important 
applications  of  the  fundamental  studies  of  N.  D.  Zelinskii  and  his  school  in  the  production  of  modern  high-test 
aviation  fuel  and  in  the  industrial  catalytic  synthesis  of  pure  aromatic  hydrocarbons  from  petroleum  [6-9],  and  also 
of  his  penetrating  investigations  on  the  chemical  structure  of  albumin  [10]. 

We  are  not  gathered  here  to  discuss  the  content  of  the  distinguished  studies  of  N.  D.  Zelinskii,  since  this  has 
been  done  many  times,  the  last  time  in  1951,  in  connection  with  the  90-Year  Jubilee  of  N.  D.  [11,  12].  Just  a  listing 
of  his  original  studies  would  take  up  too  much  time  and  space.  It  is  only  desired  to  especially  emphasize  that  in 
all  of  his  scientific  achievements  he  was  motivated  by  a  patriotic  duty  to  his  glorious  Fatherland  —  in  close  association 
with  his  numerous  students,  whom  he  solicitously  trained  in  the  spirit  of  the  best  traditions  of  leading  Soviet  science, 
and  whom  he  loved  with  a  fatherly  love. 
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In  the  process  of  the  creative  and  purposeful  development  of  very  important  subdivisions  of  chemical  science 
and  its  applications,  N.  D.  created  the  topmost  major  school  of  organic  chemists  in  our  country.  Together  with  this, 
many  generations  of  young  chemists  obtained  the  creative  spark  and  a  deep  knowledge  of  organic  chemistry  at  the 
outstanding  and  inspired  lectures  and  in  the  laboratories  of  N.  D.  Zelinskii  during  the  60  years  of  his  scientific  and 
pedagogical  activities  at  the  Moscow  State  University. 

It  is  difficult  to  find  in  the  Soviet  Union  an  institution  of  higher  chemical  learning,  a  chemical  scientific 
research  institute  or  a  major  chemical  plant  where  students  of  N.  D.  or  students  of  his  cO' workers  and  students  are  not 
working.  During  the  entire  time  of  its  development  this  school,  encouraged  and  developed  in  the  best  traditions  of 
the  progressive  Soviet  intelligentsia,  has  represented  an  efficient  and  creative  collective;  chief  N.  A.  Zelinskii  was 
himself  its  authoritative  director,  consultant,  strict  critic,  sincere  well-wisher  and  friend. 

Even  in  the  first,  the  Odessa, period  of  his  scientific  and  pedagogical  activity  N.  D.  was  able  to  collect  around 
himself  and  train  a  large  number  of  talented  students,  among  whom  mention  should  be  made  of  A.  M.  Bezredk,  A.  A. 
Bychikhin,  S.  G.  Krapivin,  A.  G.  Doroshevskii,  and  others. 

The  brilliant  scientific,  pedagogical  and  organizing  activity  of  N.  D.  at  the  Moscow  University  can  be  judged 
just  from  the  fact  that  up  to  1916  more  than  twenty  of  his  students  of  this  first  period  subsequently  became  professors 
in  the  chemical  departments  of  various  institutions  of  higher  learning  in  our  country.  Among  them  should  be 
mentioned  such  famous  names  as  L.  A.  Chugaev,  A.  N.  Reformatskii,  N.  A.  Shilov,  S.  N.  Naumov,  E.  S.  Przheval’skii, 

A.  N.  Lebedev,  N.  A.  Rozanov,  A.  E.  Uspenskii,  I.  V.  Kulikov,  V.  V.  Longinov,  N.  A.  Glinka,  I.  F.  Gutt,  A.  E.  Mozer, 
N.  A.  Shlezinger,  S.  S.  Nametkin,  B.  M.  Berkengeim,  A.  V.  Rakovskii,  N.  A.  Izgaryshev,  V.  V.  Chelintsev,  and  a 
number  of  other  major  chemists. 

Commencing  after  the  victory  of  the  Great  October  Socialistic  Revolution,  the  second  or  Moscow  period  of  the 
scientific -pedagogical  and  public  activity  of  N.  D.  Zelinskii,  embracing  more  than  three  decades,  is  extremely 
fruitful,  being  highly  saturated  with  studies  of  major  theoretical  and  national  economy  importance.  In  this  Soviet 
period  the  school  of  N.  D.  Zelinskii  raised  a  whole  new  order  of  scientists,  recommending  themselves  as  major 
investigators.  This  new  order  of  students  of  N.  D.  includes  Academicians  A.  N.  Nesmeyanov,  A.  A.  Balandin  and 

B.  A.  Kazanskii,  Corresponding  Members  of  the  Academy  of  Sciences  of  the  USSR  K.  A.  Kocheshkov,  K.  P.  Lavrovskii, 
Yu.  G.  Mamedaliev,  A.  P.  Terent'ev  and  N.  I.  Shuikin,  Doctors  of  Chemical  Sciences  and  Professors  Yu.  A.  Arbuzov, 
P.  P.  Borisov,  N.  I.  Gavrilov,  G.  D.  Gal'pern,  Ya.  I.  Denisenko,  E.  D.  Kaverzneva,  N.  S.  Kozlov,  R.  Ya.  Levina, 

B.  V.  Maksorov,  B.  M.  Mikhailov,  S.  S.  Novikov,  G.  S.  Pavlov,  A.  F.  Platfi ,  A.  M.  Rubinshtein,  V.  S.  Sadikov,  M.  B. 
Turova,  M.  I.  Ushakov,  Ya.  T.  fidus  and  Yu.  K.  Yur'ev,  and  a  large  group  of  tutors,  working  as  chemical  science 
candidates. 

As  a  result,  we  see  that  together  with  solving  the  more  important  problems  in  the  development  of  science  and 
practice,  N.  D.  fulfilled  with  foresight  and  diligence  the  esteemed  task  of  training  highly  qualified  research  chemists, 
possessing  the  knowledge  and  the  research  of  pedagogical  study.  He  always  assigned  exclusively  great  importance  to 
this  important  problem  of  training  future  scientists  at  all  stages  of  preparation.  His  grateful  students  hold  holy  the 
bright  memory  of  their  teacher.  The  greatest  memorial  to  N.  D.  Zelinskii  is  a  further  creative  development  of  his 
school.  After  the  death  of  their  eminent  leader  his  school  continues  to  live  a  full-blooded  life,  and  together  with 
an  expansion  and  deeper  investigation  of  the  basic  ideas  of  N.  D.  on  the  basis  of  contemporary  achievements  in  the 
natural  sciences,  it  creates  new  original  directions  of  scientific  study.  Of  necessity  we  will  attempt  to  refer  briefly 
to  the  more  important  scientific  advances  made  by  the  students  of  N.  D.  Zelinskii. 

The  Soviet  school  of  the  chemistry  of  organometallic  compounds,  created  and  directed  by  A.  N.  Nesmeyanov, 
owes  its  start  to  the  early  distinguished  researches  conducted  in  the  laboratory  of  N.  D.  Zelinskii  at  the  Moscow  State 
University,  where  A.  N.  Nesmeyanov  discovered  and  developed  the  reaction  known  as  the  diazo  method  of 
synthesizing  organometallic  compounds.  In  the  laboratories  of  the  Institute  of  Organic  Chemistry  of  the  Academy 
of  Sciences  of  the  USSR,  Moscow  State  University,  and  the  Institute  of  Hereroorganic  Compounds  of  the  Academy  of 
Sciences  of  the  USSR  the  researches  of  A,  N.  Nesmeyanov  and  his  students  and  co-workers  led  to  the  development 
of  the  principles  of  the  synthesis,  chemical  transformations  and  reactivity  of  many  organometallic  compounds,  but 
their  greatest  conuibution  was  made  in  the  field  of  the  chemistry  of  the  organomercury  and  organoiron  compounds 
and  of  metal  carbonyls  and  in  the  development,  together  with  R.  Kh.  Freidlina,  of  the  so-called  telomerization 
reaction  of  olefins  with  carbon  tetrachloride,  leading  to  the  synthesis  of  very  important  amino  acids,  serving  as  raw 
material  for  the  manufacture  of  synthetic  fibers.  This  school  is  famous  far  beyond  the  boundaries  of  the  USSR.  In 
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the  last  decade  this  school  has  found  further  development  and  at  the  present  time  embraces  the  chemistry  of  hetero- 
organic  compounds,  with  which  material  A.  N.  Nesmeyanov  and  his  students  and  co-workers  (M.  I.  Kabachnik,  R.  Kh. 
Freidlina,  O.  A.  Peutov,  N.  K.  Kochetkov,  and  others)  are  conducting  important  investigations  in  the  domain  of  the 
further  development  of  the  theory  of  chemical  structure  and  reactivity  of  organic  compounds. 

In  the  chemistry  of  organometallic  compounds  a  major  contribution  has  been  made  by  another  student  of 

N.  D.  Zelinskii,  namely  K.  A.  Kocheshkov,  who  in  collaboration  with  his  students  is  doing  brilliant  work  in  developing 
the  broad  fields  of  organotin,  -lead  and  -lithium  compounds. 

A.  A.  Balandin  on  the  material  of  N.  D.  Zelinskii* s  studies  in  the  field  of  the  dehydrogenation  of  hydrocarbons 
and  on  the  basis  of  his  own  investigations  has  extensively  developed  and  improved  the  multiplet  theory  of  catalysis 
by  introducing  into  it  the  principle  of  energetic  conformity  and  the  finding  of  the  values  of  the  bond  energies  for  a 
number  of  organogens  with  metals  (in  collaboration  with  A.  A.  Tolstopyatova,  S.  Kiperman,  and  others).  Some  of  the 
investigations,  started  even  jointly  with  N.  D.,  he  carried  clear  up  to  the  stage  of  industrial  utilization,  for  example, 
such  actual  processes  as  the  dehydrogenation  of  the  butenes  to  butadiene,  of  the  pentenes  to  isoprene  (jointly  with 

O.  K.  Bogdanova  and  A.  P.  Shcheglova),  and  of  diethylbenzene  to  divinylbenzene  (jointly  with  G.  M.  Marukyan).  In 
company  with  G.  M.  Marukyan  he  also  worked  out  the  reactions  for  the  catalytic  dehydrogenation  of  a -ethylthiophene 
to  a-vinylthiophene  and  of  ethylpyridine  to  vinylpyridine.  Acting  as  scientific  leader  of  three  major  groups  of 
scientists  in  the  Academy  of  Sciences  of  the  USSR  and  Moscow  State  University,  A.  A.  Balandin  created  a  school  of 
catalytic  chemistry,  successfully  working  out  a  number  of  important  theoretical  problems  and  processes  of  great 
importance  to  the  national  economy.  The  researches  of  L.  Kh.  Freidlin  and  co-workers  are  of  great  interest  in  the 
field  of  the  selective  catalytic  hydrogenation  of  organic  compounds  in  the  liquid  phase  under  pressure.  Chief  consider¬ 
ation  in  his  studies  is  given  to  the  chemical  mechanism  of  reactions  and  the  mechanism  of  their  activation. 

B.  A.  Kazanskii  widely  expanded  the  research  started  by  him  jointly  with  N.  D.  Zelinskii  in  the  field  of  the 
catalytic  hydrogenolysis  of  the  pentamethylene  ring.  In  collaboration  with  A.  F.  Platfi  and  other  co-workers  he 
developed  very  important  rules  pertaining  to  opening  of  the  ring  of  various  cyclopentane  homologs  in  the  presence 

of  a  series  of  catalysts  in  a  hydrogen  atmosphere.  He  in  association  with  a  large  group  of  co-workers  made  a  detailed 
study  of  the  dehydrocyclization  of  individual  alkanes  and  their  mixtures  (in  gasolines)  on  various  catalysts.  In  the  plane 
of  the  main  directions  of  N.  D.  Zelinskii's  school,  a  very  interesting  reaction  of  the  ring  closure  of  certain  alkanes  with 
the  formation  of  a  five-membered  ring  when  using  a  platinized  active  carbon  catalyst  was  recently  discovered  by 
B.  A.  Kazanskii  and  A.  L.  Liberman.  At  the  present  time  researches  in  this  direction  are  being  successfully  pursued. 

In  the  Laboratory  of  Catalytic  Synthesis  of  the  Institute  of  Organic  Chemistry  of  the  Academy  of  Sciences  of  the  USSR, 
headed  by  B.  A.  Kazanskii,  a  number  of  other  important  investigations  are  being  carried  out,  owing  their  origin  to 
the  general  line  of  N.  D.  Zelinskii's  studies.  Here  mention  should  first  be  made  of  the  development  by  B.  A. 

Kazanskii  in  collaboration  with  G.  S.  Landsberg,  A.  F.  Plat6  and  a  group  of  co-workers  of  a  combined  method  of 
investigating  the  individual  composition  of  straight  run  gasolines,  currently  used  in  the  petroleum  refining  industry. 
Supplementing  what  has  just  been  said,  mention  should  also  be  made  of  the  researches  with  M.  Yu.  Lukina  on  the 
synthesis  and  elucidation  of  the  rules  governing  ring  opening  in  the  series  of  cyclopropane  and  cyclobutane  hydro¬ 
carbons,  the  investigations  of  Ya.  T.  Eidus  in  the  field  of  the  catalytic  hydrocondensation  of  alkenes  with  carbon 
monoxide,  the  studies  of  A.  F.  Platfi  on  the  synthesis  of  unsaturated  cyclic  systems  from  cyclopentadiene  and 
acetylene,  and  the  investigations  of  M.  G.  Gonikberg  in  the  field  of  the  thermal  transformations  of  various  classes  of 
hydrocarbons  at  ultrahigh  pressures. 

N.  I.  Shuikin  in  collaboration  with  Kh.  M.  Minachev  and  other  co-workers  developed  the  classic  studies  of 
N.  D.  Zelinskii  on  dehydrogenation  catalysis  in  the  direction  of  investigating  the  transformations  of  various  classes 
of  hydrocarbons  under  hydrogen  pressure  and  at  high  temperatures  on  the  Group  Vin  metals  of  the  periodic  system. 

As  a  result  of  this  work  basic  rules  were  developed  for  the  contact-catalyzed  transformations  of  hydrocarbons  on  low- 
grade  catalysts.and  the  principles  of  the  catalytic  reforming  of  gasolines  in  order  to  improve  them  were  worked  out. 

N.  I.  Shuikin  in  company  with  T.  I.  Nar^'shklna  successfully  worked  out  the  reaction  for  the  catalytic  dehydrogenation 
of  five-membered  cyclenes  and  cyclanes  to  the  corresponding  cyclopentadienes.  In  collaboration  with  I.  F.  BeTskil, 

N.  I.  Shuikin  abo  originated  and  successfully  worked  out  a  new  direction  in  the  chembtry  of  furan  compounds,  namely 
investigations  of  the  rules  governing  the  selective  catalytic  hydrogenolysb  of  the  furan  ring  in  various  furan  derivatives. 
The  results  of  these  investigations  led  to  establbhing  new  paths  for  the  catalytic  synthesb  of  difficultly  available 
aliphatic  ketones  and  dlketones,  and  also  of  alkylcyclohexanones  and  individual  homologs  of  phenol  from  furfural. 

The  found  rules  enabled  the  authors  to  work  out  in  principle  new  methods  for  the  synthesb  of  dlalkyl-  and  trlalkyltetra- 
hydrofurans  and  of  amines  of  the  furan  series  and  theb  conversion  in  high  yields  to  pyrrolidine  homologs.  Recently 
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N.  I.  Shuikin  in  company  with  N.  G.  Bekauri  discovered  a  new  reaction  for  the  catalytic  polycyclization  of  the  higher 
alkabes  to  condensed  phenanthrene,  anthracene,  chrysene  and  benzanthracene  systems  and  other  more  complex  poly¬ 
cycles.  On  the  basis  of  this  reaction  they  worked  out  an  original  method  for  the  catalytic  reforming  of  kerosene  with 
the  formation  of  a  new  luminescent  testing  liquid  "shubekor,  used  in  a  number  of  machinery  plants  for  spotting 
defects  in  important  metallic  and  nonmetallic  articles  and  j)arts. 

V  iluable  contribution  to  the  development  of  the  chemistry  of  hydrocarbons  has  been  made  by  R.  Ya.  Levina  at 
the  Moscow  University.  In  association  with  co-workers,  she  has  developed  new  methods  for  the  synthesis  of  alkanes 
and  cyclanes  with  one,  two  and  three  quaternary  carbon  atoms  in  the  side  chain.  On  the  basis  of  the  discovered 
reaction  for  the  catalytic  decomposition  of  tetrahydropyridazines  she  proposed  a  method  for  the  synthesis  of  aryl- 
cyclobutanes,  while  another  reaction  discovered  by  R.  Ya.  Levina  —  the  aromatization  of  tetrahydrophthalic  anhydrides” 
proved  to  be  a  general  method  for  the  synthesis  of  aromatic  hydrocarbons  in  the  benzene,  naphthalene,  indan,  phen¬ 
anthrene,  chrysene  and  fluorene  series,  and  of  their  partially  hydrogenated  derivatives.  These  investigations  in  turn 
led  to  the  discovery  of  the  reaction  for  the  cleavage  of  the  three -membered  ring  with  mercury  salts,  showing  a  close 
analogy  in  the  properties  of  the  three -membered  ring  and  the  double  bond.  Study  of  the  chemical  and  physical  pro¬ 
perties  of  arylcyclopropanes  and  arylcyclobutanes  enabled  R.  Y  a.  Levina  and  co-workers  to  establish  the  presence  of 
conjugation  between  the  benzene  ring  and  a  three -membered  cycle,  and  also  a  four-membered  cycle,  although  less 
clearly  expressed  in  the  latter  case. 

The  studies  of  K.  P.  Lavrovskii  ate  of  great  scientific  and  practical  interest  in  the  field  of  developing  the  prin¬ 
ciples  of  the  technology  of  fuels,  leading  to  the  creation  of  new  processes  for  the  production  of  high-grade  gasolines. 
Together  with  co-workers,  K.  P.  Lavrovskii  worked  out  a  process  for  the  high-speed  cracking  of  heavy  petroleum 
fractions,  giving  a  high  yield  of  olefins”  a  valuable  raw  material  in  the  production  of  various  high-molecular 
compounds. 

Researches  on  the  alkylation  and  chlorination  of  hydrocarbons  are  being  conducted  on  a  wide  front  by  Yu.  G. 
Mamcdaliev  and  a  large  group  of  co-workers  in  Baku.  The  principal  results  of  these  investigations  have  already  been 
introduced  into  the  petroleum  refining  industry.  The  original  investigations  of  Yu.  G.  Mamedaliev  on  the  production 
of  chlorinated  hydrocarbons  are  of  great  interest. 

The  investigations  of  Yu.  K.  Yur'ev  and  co-workers  in  the  field  of  the  chemistry  of  heterocyclic  compounds 
have  attained  wide  scope  at  the  Moscow  University.  Yu.  K.  Yur'ev,  discovering  the  reaction  of  the  catalytic  trans¬ 
formation  of  heterocycles,  made  successful  use  of  it  to  synthesize  standards  of  cyclic  sulfides,  and  also  for  the 
catalytic  conversion  of  furanidine  (tetrahydrofuran)  and  tetrahydropyran  to  the  corresponding  silicon -containing 
heterocycles.  Yu.  K.  Yur'ev  and  co-workers  proposed  a  convenient  method  for  the  synthesis  of  ketones  and  keto 
acids  of  the  furan,  pyrrole,  thiophene  and  selenophene  series,  and  also  of  benzene,  by  the  acylation  of  tetraacyloxy- 
and  acyloxytrichlorosilanes,  and  he  was  the  first  to  make  a  broad  and  detailed  study  of  the  chemistry  of  selenophene, 
describe  methods  for  the  synthesis  of  various  compounds  of  the  furan  series,  establish  the  rules  of  the  diene 
synthesis  and  the  reactions  of  substitutive  addition  in  the  furan  series, make  a  comprehensive  study  of  the  reactivity 
of  ketones  and  a -diketones  of  the  tetrahydrofuran  series,  and  accomplish  their  conversion  to  mono-  and  diketones 
of  the  tetrahydropyran  series. 

The  researches  of  N.  I.  Gavrilov,  M.  M.  Borvinik,  E.  D.  Kaverzneva,  K.  T.  Poroshin,  A.  B.  Silaev,  M.  A.  Prokofev, 
and  E.  A.  Morozova  and  co-workers  led  to  further  creative  developments  in  the  domain  of  establishing  the  micro- 
molecular  structure  of  proteins,  the  synthesis  of  hydroxyamino  acids,  and  the  establishment  of  the  optimum  conditions 
for  the  hydrolysis  of  proteins  and  a  detailed  study  of  the  composition  of  the  hydrolyzates.  These  studies  greatly 
expanded  our  concepts  regarding  the  possible  structure  of  protein  molecules. 

Within  the  frame  of  the  present  paper  it  is  impossible  to  even  schematically  outline  the  successes  of  still  many 
other  students  of  N.  D.  Zelinskii,  engaged  in  developing  his  creative  ideas.  For  this  reason  we  have  omitted  mention 
hereof  the  superlative  investigations  of  A.  P.  Terent'ev  and  his  students  in  the  domain  of  the  synthesis  of  physio¬ 
logically  active  organic  compounds,  the  interesting  investigations  of  M.  B.  Turova-Polyak  in  the  domain  of  catalytic 
alkylation,  the  studies  of  A.  M.  Rubinshtein  in  the  domain  of  the  physicochemical  investigation  of  catalysts,  die  out¬ 
standing  investigations  of  S.  R,  Sergienko  in  the  domain  of  the  chemistry  of  high-molecular  hydrocarbons,  the  work 
of  B.  M.  Mikhailov  on  the  synthesis  of  organoboron  compounds  and  study  of  their  properties.of  N.  S.  Kozlov  on  the 
synthesis  of  amines,  of  Yu.  A.  Arbuzov  in  the  domain  of  the  diene  synthesis  based  on  the  nitroso  derivatives  of  aromatic 
hydrocarbons,  of  L.  F.  Vereshchagin  in  the  domain  of  tire  chemistry  and  physics  of  ultrahigh  pressures,  of  I.  N.  Tits- 
Skvortsova  in  investigation  of  catalytic  transformation  of  organic  sulfur  compounds,  and  of  P.  P.  Borisov  in  the 
domain  of  the  oxidation  of  oils  and  individual  hydrocarbons. 
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To  judge  the  vast  scale  of  the  developments  of  the  school  of  N.  D.  Zelinskii  it  is  necessary  to  keep  In  mind  that 
a  number  of  his  close  students  molded  their  own  students  into  independent  investigators,  actively  pursuing  scientific 
research  work  in  directions-the  sources  of  which  lie  in  the  ideas  and  initiations  of  N.  D.  Zelinskii.  Many  of  these 
"chemical  grandchildren"  of  N.  D.  have  at  the  present  time  defended  their  Candidatal  and  Doctoral  dissertations, 
while  some  of  them  are  members  of  the  Academy  of  Sciences  or  conduct  leading  work  in  the  chemical  and  petroleum¬ 
refining  industries. 

It  should  be  mentioned  that  N.  D.  was  always  a  firm  adherent  of  the  broad  education  of  chemists  in  the  natural 
sciences.  Fully  realizing  the  need  and  practicality  of  specialization,  in  connection  with  the  differentiation  of  the 
scientific  disciplines,  he  always  remained  an  opponent  to  the  narrow  specialization  of  scientists.  Actually,  the  modern 
development  of  science,  even  in  separate,  special  sections,  for  a  deep  understanding  requires  from  the  investigator  a 
broad  view  and  also  a  knowledge  of  contiguous  disciplines.  Only  with  a  complete  mutual  understanding  can  separate 
groups  of  scientists  of  different  specializations,  in  close  coordination,  successfully  solve  the  maturing  theoretical 
questions  of  science  and  the  problems  of  major  importance  to  the  national  economy.  Even  in  1922,  in  the  final  speech 
at  the  close  of  the  Third  Mendeleev  Convention,  N.  D.  Zelinskii  said:  "The  most  important  and  basic  problems  of  our 
concepts  regarding  Nature  require  a  mutual  solution;  here  it  is  necessary  to  involve  mathematics,  mechanics,  physics, 
chemistry,  biology,  bacteriology,  medicine,  mineralogy,  geology  and  even  astronomy,  for  the  microcosmos  of 
chemical  molecules  and  the  structure  of  atoms  cannot  help  but  reflect  in  themselves  the  elements  of  the  structure  of 
the  universe". 

Wherein  lay  the  essence  of  the  approach  of  N.  D.  to  the  training  of  future  scientists  and  what  were  the  conditions 
assuring  a  high  level  and  a  broad  scope  of  preparation  of  the  chemists  trained  under  his  guidance?  In  reply  to  these 
questions  it  would  first  be  necessary  to  enumerate  a  whole  series  of  outstanding  traits,  characterizing  N.  D.  not  only 
as  a  major  scientist  of  world  renown  and  a  prominent  social  worker,  but  also  as  an  appreciative,  sympathetic  man. 

This  personal  charm,  coupled  with  a  firm  scientific  authority,  theoretical  exactions  on  himself  and  his  students, 
persistence,  and  an  amazing  capacity  for  work  always  attracted  talented  youth  to  N.  D.,  deciding  to  devote  themselves 
to  the  service  of  science.  In  his  memoirs  of  N.  D.  Zelinskii,  the  late  Academician  V.  M.  Rodionov  wrote  in  1951  [13]: 
"He  was  always  original  in  his  arguments,  listened  attentively  to  strange  opinions,  loved  debates,  and  became  irate, 
more  truly  vexed,  but  only  when  his  opponent  permitted  himself  gross  inconsistencies.  He  himself  was  very  correct, 
which  never,  however,  prevented  him  from  stoutly  defending  his  position". 

As  a  result,  the  personal  example  of  the  teacher  in  daily  creative  work,  a  systematic  mixing  with  the  students 
in  this  creative  work,  a  constant  opposing  of  the  minds  in  the  course  of  an  open  discussion  of  his  ideas  and  new 
plans  in  individual  discussions  and  at  colloquiums,  in  instilling  of  a  live  initiative  in  his  co-workers  —  this  is  what 
attracted  a  sueam  of  students  and  followers  to  the  great  leader.  There  was  no  need  for  such  a  genuine  head  of  the 
school  to  seek  capable,  serious  students;  they  themselves  strived  to  be  worthy  of  the  honor  of  doing  work  with 
N.  D.  Zelinskii. 

In  his  creative  and  educational  work  N.  D.  carried  one  fundamental  thought:  "A  genuine  scientist  can  be  one 
who  possesses  enthusiasm  and  passion  toward  science  and  ics  applications.  A  scientist  should  dedicate  his  entire  life 
to  the  supreme  service  of  the  people.  Loyalty  to  science  and  devotion  to  the  Socialistic  Republic  —  this  should  be  the 
motto  of  the  scientist,  if  he  truly  wants  to  exalt  the  fame  of  the  Russian  scientific  thought". 

As  a  true  patriot,  N.  D.  performed  major  and  responsible  public  work.  Without  exaggeration  it  can  be  said 
that  in  the  ranks  of  the  older  generation  of  scientists  he  was  one  of  the  most  prominent  public  workers.  Even  in  the 
czarist  regime  he  stood  out  as  a  progressive  worker  of  the  higher  school.  Advocate  of  higher  education  for  women, 
he  toward  the  end  of  the  nineties  of  the  past  century  organized  the  department  of  organic  chemistry  in  the  just  opened 
Higher  Women's  Courses  in  Moscow  and  was  its  first  director.  N.  D.  was  an  active  participant  in  the  organization  of 
the  Shanyavskii  Public  University  in  Moscow.  From  1893  N.  D.  took  a  working  part  in  the  researches  of  the  Moscow 
Society  of  Investigators  of  Nature,  oldest  in  the  country.  In  1921  he  was  honored  with  the  title  of  Esteemed  Member 
of  this  society,  while  from  1935  on  he  was  elected  to  be  its  president.  Beginning  with  the  90*s  of  the  past  century  N.  D. 
took  an  active  part  in  the  activities  of  the  Society  of  Amateurs  in  the  Natural  Sciences,  Anthropology  and  Ethnography, 
and  especially  of  the  Russian  Physical -Chemical  Society.  From  1934  he  conducted  leading  research  in  the  D.  1. 
Mendeleev  All-Union  Chemical  Society,  which  succeeded  theRussian  Physical -Chemical  Society.  And  also  here  he 
was  honored  with  the  title  of  Esteemed  Member  of  the  Society. 

The  scientific  and  pedagogical  activity  of  N.  D.  is  a  shining  example  of  innovation  in  science.  He  had  to  the 
highest  degree  a  sense  of  the  new,  which  is  a  powerful  impellent  of  progress.  Predicting  a  great  importance  for 
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radioactive  radiations  in  scientific  studies,  N.  D.  even  in  1922  studied  the  action  of  radium  rays  on  hydrocarbons.  The 
results  of  this  work  were  presented  by  him  at  the  Third  Mendeleev  Convention  [14].  Assigning  a  very  great  importance 
to  the  use  by  research  chemists  of  modern  physical  methods,  N.  D.  (jointly  withG.  S.  Landsberg  and  B.  A.  Kazanskii) 
devised  for  the  detailed  analysis  of  gasolines  an  original  method  of  investigating  hydrocarbons  by  means  of  Raman 
spectra,  giving  (in  conjunction  with  catalysis,  chromatographic  adsorption  and  precise  fractional  distillation)  very 
valuable  scientific  and  practical  results  in  the  quantitative  analysis  of  complex  hydrocarbon  mixtures  [15].  In  the 
USSR,  N.  D.  Zelinskii  was  the  pioneer  in  the  domain  of  studying  organic  reactions  at  ultrahigh  pressures,  i.e.,  at 
pressures  above  1000  atm.  Together  with  L.  F.  Vereshchagin  he  studied  the  transformations  of  organic  compounds  in 
a  broad  span  of  pressures  ranging  from  2000  to  30,000  atm  [16]. 

His  numerous  students  have  followed  and  always  will  follow  the  example  of  N.  D.  Zelinskii.  Bowing  with  a  sense 
of  deepest  respect  before  the  bright  memory  of  the  head  of  the  largest  Soviet  school  of  organic  chemists  —  Academician 
Nikolai  Dmitrievich  Zelinskii -they  together  with  the  chemical  community  will  give  all  of  their  strength  and 
knowledge  to  the  matter  of  the  exaltation  and  well-being  of  our  dear  Country. 
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Continuing  out  study  of  the  reaction  of  diphenylamine  with  analogs  of  acetic  acid,  we  measured  the  density, 
viscosity,  elecuical  conductivity  and  fusibility  of  systems  formed  by  diphenylamine  with  monochloro-,  monobromo-, 
monoiodo-,  di-  and  trichloroacetic  acids. 

The  method  of  operation  was  described  earlier  [1].  The  monochloroacetic  acid  used  in  the  study  melted  at 
62.5*,  monobromoacetic  acid  melted  at  49.5*,  and  trichloroacetic  acid  melted  at  58*.  The  dichloroacetic  and  mono- 
iodoacetic  acids  were  synthesized  by  us  [2,  3].  After  appropriate  purification  they  melted  at  8.8  and  82.5*  respectively. 

System  diphenylamine~ monochloroacetic  acid.  This  system  was  studied  by  Tsvetkova  and  Dionis'ev  [4],  who 
established  the  absence  of  reaction  in  the  solid  phase.  The  results  of  our  measurements  are  given  in  Tables  1  and  2. 

The  system  does  not  exhibit  shrinkage;  the  maximum  deviation  of  the  density  from  additivity  is  found  at  20  mole% 
diphenylamine.  The  viscosity  isotherms  pass  through  both  a  maximum  and  a  minimum,  which  on  raising  the  temper¬ 
ature  are  shifted  toward  the  monochloroacetic  acid  side.  The  electrical  conductivity  isotherms  have  the  shape  shown 
in  Fig.  1. 

Based  on  the  thermal  analysis  results  (Fig.  2),  obtained  by  us  using  an 
N,  S.  Kurnakov  pyrometer,  the  system  has  one  eutectic  at  34.8*  and  56  mole% 
diphenylamine.  These  values  differ  somewhat  from  those  given  in  the 
literature  (37.5*  and  50  mole  [4]). 

The  system  diphenylamine— dichloroacetic  acid  was  not  studied  before.  The 
results  of  our  measurements  are  given  in  Tables  2  and  3.  The  maximum 
shrinkage  in  this  system  (2.7%)  is  found  at  25  mole  %  diphenylamine.  The 
maximum  on  the  viscosity  isotherms  is  found  at  25  mole  %  diphenylamine, 
and  on  the  electrical  conductivity  isotherms  at  18  mole  %  diphenylamine. 

A  thermal  analysis  of  the  system  was  not  made,  since  the  mixtures  on  cool¬ 
ing  did  not  crystallize,  and  instead  changed  to  a  glassy  mass. 

The  system  diphenylamine— trichloroacetic  acid  was  studied  by 
Tsvetkova  and  Dionis’ev  [4].  The  results  of  our  measurements  are  given  in 
Tables  2  and  4.  The  maximum  shrinkage  (4.8%)  is  found  at  30  mole  % 
diphenylamine.  The  density  values  for  the  middle  portion  of  the  diagram 
are  found  by  interpolation  due  to  decomposition  of  the  trichloroacetic  acid. 

On  the  viscosity  isotherms  the  maximum  is  found  at  31  mole  %  diphenyl¬ 
amine  (Fig.  3),  and  on  the  electrical  conductivity  isotherms  is  found  at  20 
mole  %.  The  dystectic  maximum  (m.p.  112.5*)  is  found  at  50  mole  % 
diphenylamine.  After  recrystallization,  the  equimolecular  compound  melted 
at  118.5*.  When  treated  with  alkalies  and  hot  water  the  substance  decomposes  into  diphenylamine  and  trichloro¬ 
acetic  acid,  which  can  be  titrated  quantitatively. 

From  the  mixtures  containing  60-70  mole  %  diphenylamine,  heated  in  small  flasks  at  120-130*,  we  isolated  a 
new  reddish-brown  substance  with  a  metallic  luster  (under  the  microscope  it  can  be  seen  that  these  are  droplets  of 


Diphenylamine,  mole  % 

Fig.  1.  Electrical  conductivity 
of  systems.  1)  Diphenylamine— 
monochloroacetic  acid  (70*);  2) 
diphenylamine— uichloroacetic 
acid  (100*). 


8 


TABLE  1 


System  Diphenylamine~Monochloroacetic  Acid 


Mole 

diphenyl¬ 

amine 

Density 

V  iscosity  ( centipoises) 

1 

°.e*E 

2  "O  rt 

M,  p. 

eo® 

70* 

80' 

60® 

70® 

80® 

mixture 

eutectic 

0.00 

1.3757 

1.3625 

1.3497 

2.563 

2.086 

1.774 

62.5° 

9.99 

1.3182 

Ewm 

1.2900 

3.694 

2.735 

2.109 

8.14 

59.2 

— 

11.56 

wwm 

1.2958 

1.2851 

4.125 

3.049 

2.370 

15.55 

54.7 

— 

15.55 

1.2871 

1.2759 

WEm 

4.252 

3.125 

2.402 

49.7 

34.7® 

20.33 

1.2468 

1.2368 

4.361 

3.179 

2.458 

21.31 

49.3 

35.2 

21.31 

1.2565 

1.2428 

1.2323 

4.292 

3.136 

2.422 

46.5 

35.7 

25.90 

1.2366 

1.2249 

1.2134 

4.214 

3.078 

2.404 

43.7 

34.7 

51.08 

1.2131 

■UoiJ 

4.109 

3.041 

2.372 

41.9 

34.7 

38.19 

1.1869 

1.1656 

3.996 

2.964 

2.345 

50.00 

38.5 

34.9 

48.59 

1.1559 

1.1457 

1.1352 

3.860 

2.907 

2.296 

60.00 

39.0 

34.9 

62.17 

wsm 

■RlhVI 

3.851 

2.927 

2.383 

62.17 

40.5 

34.8 

69.98 

1.1027 

■liiKxvn 

1.0861 

3.925 

3.001 

2.394 

69.98 

45.1 

34.8 

80.74 

1.0822 

4.060 

3.065 

2.448 

80.74 

48.0 

34.9 

100.00 

1.0555 

nil 

4.375 

3.293 

2.579 

100.00 

53.5 

TABLE  2 

Electrical  Conductivity  of  Binary  Systems 


Diphenyl ~  monochloro- 
acetic  acid 

Diphenylamine- 
acetic  acid 

-dichloro- 

Diphenylamine—  trichloro¬ 
acetic  acid 

mole 

diphen)d 

amine 

K*  IC^  ohm*^ 

cm 

X*  \&  ohm"* 

•  cm 

a  Za 
g  .s*  e 

60® 

70® 

80° 

50® 

70® 

80® 

4) 

o’o.E 

E^« 

100® 

110® 

120® 

0.00 

1.14 

1.44 

1.75 

0.00 

0.012 

0.016 

0.021 

5.58 

111 

119 

125 

4.22 

0.73 

1.15 

1.38 

7.78 

0.015 

0.018 

0.019 

11.17 

146 

153 

153 

14.60 

1..50 

2.62 

3.32 

18.63 

306 

367 

438 

18.47 

102 

108 

102 

22.43 

1.28 

2.52 

3.24 

22.82 

281 

324 

434 

27.18 

44.3 

42.8 

39.8 

25.03 

1.00 

1.88 

2.65 

29.71 

175 

242 

267 

30.59 

22.0 

20.1 

17.7 

35.12 

0.82 

1.77 

2.12 

34.66 

136 

182 

210 

51.42 

1.57 

1.34 

1.24 

49.62 

0.40 

0.71 

0.85 

41.45 

107 

141 

187 

61.80 

0.26 

0.25 

0.23 

74.95 

0.017 

0.02 

0.02 

50.14 

68.8 

90.4 

120 

70.77 

0.099 

0.096 

0.094 

68.35 

1.02 

21.0 

tar).  An  alcohol  solution  of  the  substance  has  a  blue  color,  changing  under  the  influence  of  alkali  first  to  a  reddish- 
brown,  and  then  to  a  yellow  color.  All  of  the  described  properties  of  the  obtained  substance,  including  the  melting 
point  (180-200*,  with  decompn.),  are  fully  comparable  to  properties  of  diphenylamine  "blue",  which  may  be  obtained 
from  diphenylamine  and  oxalic  acid  [5]. 

Elemental  analysis  of  the  substance  gave  the  following  results. 

Found‘d:  C  79.8;  H  5.53;  N  7.59.  CjyHjoNjCI.-  Calculated  ^o;  C  80.5;  H  5.4;  N  7.6. 

A  spectrophotometric  study  of  the  dye  obtained  by  us  in  anhydrous  alcohol  revealed  that  the  absorption  maximum 
is  found  at  590-595  mp  .  This  is  in  good  agreement  with  the  literature  data  for  diphenylamine  "blue",  namely  592.5 
mp  [6]. 

System  diphenylamine— monobromoacetic  acid.  This  system  was  studied  by  Pushin  [7]  by  the  fusion  method, 
who  established  the  absence  of  reaction  in  the  solid  phase.  It  proved  that  the  system  could  be  studied  only  in  the 
diphenylamine  concentration  limits  ranging  from  0  to  13.6  and  from  78.8  to  100  mole  %.  At  other  concentrations 
the  viscosity,  and  especially  the  electrical  conductivity,  increased  noticeably  with  time.  As  far  as  can  be  judged 
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from  the  obtained  data,  the  general  shape  of  the  viscosity  isotherms  should  resemble  their  course  in  the  system 
containing  monochloroacetic  acid. 

After  heating  the  mixtures  containing  from  14  to  79  mole  %  diphenylamine  for  6-8  hr  at  80*with  subsequent 
cooling  a  crystalline  substance  separates,  which  after  recrystallization  from  acetic  acid  melts  at  225-230*.  When 
treated  with  hot  water  the  substance  decomposes  with  ease  into  diphenylamine  and  hydrogen  bromide,  which  can  be 
titrated  quantitatively.  Elemental  analysis  gave  the  following  results. 

Found  %:  C  57.71;  H  4.82;  N  32.1.  CuHnN  -HBr.  Calculated  C  57.6;  H  4.84;  N  31.95. 

TABLE  3 


System  Diphenylamine- Dichloroacetic  Acid 


Density 

Viscosity  (centipoises) 

°.e*E 

2  -O 

50“ 

70“ 

80“ 

50“ 

70“ 

80“ 

0.00 

1.5152 

1.4905 

1.4785 

3.225 

2.069 

1.710 

4.22 

1.4965 

1.4713 

1.4.586 

5.840 

3.601 

2.956 

14.60 

1.4384 

1.4160 

1.4050 

20.060 

8.938 

6.876 

22.43 

1.3921 

1.3681 

1.3.560 

31.2.53 

12.438 

8..543 

25.03 

1.3767 

1.3.540 

1.3431 

33.337 

12.7.52 

8.711 

26.92 

1.3630 

1.3410 

1.3302 

33.060 

12.454 

8.442 

35.12 

1.3173 

1.2964 

1.2862 

29.765 

11.038 

7.494 

49.62 

1 .2445 

1.2240 

1.2140 

18..596 

7..531 

5.339 

74.95 

1.1390 

1.1185 

1.1112 

8.610 

4.193 

3.220 

100.00 

1.0635 

1.0486 

1.0403 

6.105 

3.295 

2.578 

TABLE  4 


System  Diphenylamine— Trichloroacetic  Acid 


1 

O 

Density 

V  iscosity  ' 

(centipoises) 

1 

M 

.  p. 

Mole  ® 
diphen 
amine 

100® 

110“ 

120“ 

100“ 

110“ 

120“ 

Mole 

diphe 

amini 

mixture 

eutectic 

0.00 

1.5495 

1.5352 

1.5191 

1.891 

1.561 

1.353 

10.0 

46.7® 

28.0® 

7.78 

1.5105 

1.4986 

1.4857 

3.796 

2.952 

2.424 

15.0 

31.2 

28.0 

18.63 

1.4573 

1.4469 

1.4370 

10.510 

7.236 

5.704 

25.0 

86.8 

22.82 

1.4440 

1.4282 

1.4170 

13.770 

10.235 

7.378 

30.0 

101.9 

— 

29.71 

1.408C 

1.3972 

1.3853 

17.627 

11.638 

8.466 

40.0 

109.4 

— 

34.66 

1.375  • 

1.365  • 

1.354  * 

15.700 

10.770 

7.704 

45.0 

112.0 

— 

41.45 

1.335  * 

1.324  • 

1.314  * 

11.820 

7.982 

5.992 

50.0 

112.5 

50.14 

1.280  • 

1.270  • 

1.260  * 

— 

5.126 

4.167 

55.0 

111.0 

68.35 

1.175  * 

1.165  • 

1.155  • 

3.484 

2.809 

— 

60.0 

108.2 

79.18 

1.1191 

1.1100 

_ 

— 

— 

— 

65.0 

106.8 

89.02 

1.0673 

1.0590 

1.0510 

— 

— 

— 

75.0 

101.0 

100.00 

1.0253 

1.0166 

1.0086 

1.629 

1.347 

1.128 

80.0 

90.0 

98.5 

77.5 

52.5 

’Values  obtained  by  interpolation. 

The  system  diphenylamine— monoiodoacetic  acid  was  not  studied  before.  We  were  able  to  study  it  only  by  the 
fusion  method  (Table  5).  The  components  do  not  react  in  the  solid  phase  (Fig.  3).  The  eutectic  contains  65  mole% 
diphenylamine  and  melts  at  40.8*. 

In  our  work  we  used  freshly  prepared  mixtures,  which  turned  a  dark  green  color  very  rapidly.  From  an  equi- 
molecular  mixture  of  the  components,  heated  on  the  water  bath  in  sealed  ampoulesfor3  hr,  we  isolated  a  substance 
that  in  its  properties  resembled  diphenylamine  "blue".  The  substance  chars  at  180-190*  without  melting.  However, 


Temperature 


lOO"' 
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Fig.  2.  Fusion  curves.  1)  System 
diphenylamine~  monochloroacetic 
acid;  2)  system  diphenylamine~ 
trichloroacetic  acid;  3)  system 
diphenylamine—  monoiodoacetic 
acid. 


elemental  analysis  did  not  give  completely  desirable  results,  the  reason 
for  which  was  probably  the  presence  of  reaction  products  of  different 
composition  than  the  dye.  and  in  particular  the  salt  CuH^N  •  HI.  We 
obtained  the  latter  by  reacting  HI  with  a  benzene  solution  of  diphenyl¬ 
amine.  It  had  m.p.  196-198*.  The  absorption  spectrum  of  the  substance 
in  anhydrous  alcohol  shows  a  maximum  at  590-595  mp . 

From  the  literature  it  is  known  that  the  viscosity  minimum  is 
always  shifted  toward  the  component  with  the  greatest  temperature 
coefficient  [8].  In  the  diphenylamine- monochloroacetic  acid  system 
the  minimum  is  located  between  the  viscosity  of  diphenylamine  and 
the  maximum  viscosity.  In  this  system  the  viscosity  minimum  is 
shifted  toward  the  maximum,  i.e.,  in  the  direction  where  the  temper¬ 
ature  coefficient  is  greater  (at  the  maximum  point  the  temperature 
coefficient  of  the  viscosity  is  greater  than  in  the  case  of  diphenyl¬ 
amine). 

In  all  of  the  systems  of  diphenylamine  with  halo -substituted 
acetic  acids  the  maximum  on  the  viscosity  diagrams  is  shifted  slightly 
toward  the  acid  when  the  temperature  is  raised.  If  in  the  system  with 
trichloroacetic  acid  this  corresponds  to  a  shift  toward  the  more  viscous 


component,  then  in  the  systems  with  dichloroacetic  and  monochloro¬ 
acetic  acids  this  shift  is  toward  the  less  viscous  component.  A  shift  of 
the  viscosity  maximum  along  the  composition  axis  is  also  determined 
by  the  ratio  of  the  temperature  coefficients. 

In  the  diphenylamine- trichloroacetic  acid  system  the  viscosity 
maximum  is  very  close  to  a  1:2  ratio  of  the  components,  from  which 
it  follows  that  the  compound  with  composition  (CeHsljNH  •  2CCljCOOH 
is  formed  in  the  liquid  phase. 

In  the  systems  of  diphenylamine  with  halo-substituted  acetic 
acids  the  viscosity  maximum  is  shifted  toward  the  acid,  and  for 
dichloroacetic  acid  it  is  found  at  a  1:  3  ratio,  and  for  monochloro¬ 
acetic  acid  at  a  1:4  ratio.  However,  it  should  be  remembered  that 
the  character  of  the  reaction  of  these  acids  with  diphenylamine  is  the 
same  as  in  the  case  of  trichloroacetic  acid,  but  since  the  strength  of 
the  acid  in  this  series  decreases,  then  less  stable  compounds  are  formed, 
and  the  weaker  the  acid  the  greater  the  excess  needed  for  the  reaction 
to  find  reflection  on  the  viscosity  isotherms.  In  a  system  with  such  a 
weak  acid  as  acetic  acid  the  maximum  on  the  viscosity  isotherms  is 
absent. 

In  their  properties  the  systems  of  diphenylamine  with  monochloroacetic,  monobromoacetic  and  monoiodoacetic 
acids  exhibit  a  well-dtffined  difference,  which  cannot  be  explained  only  by  the  differences  in  the  dissociation 
constants  of  the  acids:  In  the  first  system  the  properties  remain  constant  with  time;  in  the  diphenylamine— mono¬ 
bromoacetic  acid  system,  together  with  complex-formation,  the  acid  decomposes  and  the  compound  CuHj^N  f  HBr 
is  obtained;  while  in  the  mixtures  with  monoiodoacetic  acid  the  decomposition  is  accompanied  by  the  formation  of 
triphenylparafuchsin  hydriodide.  In  the  given  case  the  difference  in  the  behavior  of  the  systems  is  determined  by 
the  influence  exerted  by  the  nature  of  the  halogen  on  the  character  of  the  processes  taking  place. 

It  k  known  that  chloro -substituted  acetic  acids  in  the  presence  of  aromatic  amines,  even  at  low  temperature, 
are  decomposed  into  CHCls,  COj,  and  in  part  to  HCl  [9].  It  is  also  known  that  amines  are  easily  capable  of  entering 
into  condensation  reactions,  forming  di-  and  triphenylmethane  derivatives  [10].  In  the  presence  of  diphenylamine 
at  elevated  temperature  a  decomposition  of  the  trichloroacetic  acid  takes  place,  accompanied  by  the  evolution  of 
CO2,  HCl  and  CHCI3.  The  carbon  dioxide  molecules  can  probably  serve  as  condensation  centers,  leading  (under  the 
experimental  conditions)  to  the  formation  of  the  parafuchsin  derivative,  having  the  structure  of  triphenylparafuchsin 
hydrochloride,  known  in  the  dye  industry  as  "aniline  blue".  The  condensation  reaction,  leading  to  the  formation  of 
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Fig.  3.  Viscosity  isotherms.  1  and  2) 
System  diphenylamine— monochloro¬ 
acetic  acid;  3  and  4)  system  diphenyl¬ 
amine— trichloroacetic  acid. 
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TABLE  5 


System  Diphenylamine  -  Monolodoacetlc  Acid 


Mole 

M,  p. 

Mole‘s 

M.p 

diphenyl- 

mixture 

eutectic 

diphenyl- 

mixture 

eutectic 

amine 

amine 

n.oo 

82.50 

42.08 

56.70 

39.50 

2.88 

78.9 

_ 

44.75 

.53.3 

39.3 

5.94 

76.4 

_ 

48.05 

52.5 

40.0 

8.39 

74.6 

_ 

51.95 

49.8 

40.4 

10.42 

73.0 

_ 

55.61 

46.9 

40.6 

13.2.5 

71.0 

— 

60.55 

43.3 

40.7 

15.51 

70.1 

— 

1  66.06 

40.8 

— 

18.92 

69.0 

_ 

73.00 

44.3 

40.5 

24.14 

66.0 

— 

82.46 

47.7 

40.4 

27.38 

64.0 

40.(P 

91.97 

51.7 

— 

34.07 

61.5 

40.8 

100.00 

53.5 

— 

triphenylparafuchsin,  occurs  in  all  of  the  systems,  but  the  rate  and  completeness  of  its  progress  are  different,  in  which 
connection  the  most  favorable  conditions  exist  in  the  systems  containing  the  monoiodo-  and  trichloroacetic  acids. 


SUMMARY 

1.  The  binary  systems  of  diphenylamine  with  monochloroacetic,  trichloroacetic  and  monolodoacetlc  acids  were 
studied  by  the  fusion  method. 

2.  The  formation  of  a  crystalline  compound  with  composition  ‘CClaCOOH  was  established  in  the 

diphenylamine— trichloroacetic  acid  system. 

3.  A  crystalline  compound  of  composition  (C{H5)i{NH  .HBr  separates  in  the  diphenylamine— monobromoacetic 
acid  system,  obtained  when  the  mixture  of  the  components  is  heated  above  80*  due  to  decomposition  of  the  mono¬ 
bromoacetic  acid. 

4.  The  binary  systems  of  diphenylamine  with  monochloroacetic,  dichloroacetic,  trichloroacetic  and  mono¬ 
bromoacetic  acids  were  studied  at  different  temperatures  on  the  basis  of  the  density,  viscosity  and  electrical 
conductivity.  It  was  established  that  reaction  takes  place  in  the  liquid  phase  of  these  four  systems,  being  expressed 
as  maxima  on  the  viscosity  and  electrical  conductivity  isotherms,  not  coinciding  exactly  with  a  rational  ratio  of  the 
components. 

5.  Triphenylparafuchsin  hydrochloride  was  obtained  as  the  condensation  product  of  diphenylamine  with  trichloro 
acetic  acid,  while  triphenylparafuchsin  hydroiodide  wasobtained  when  condensation  was  with  monolodoacetlc  acid. 
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In  previous  communications  data  were  presented  on  alkyl  carbonate  salts  containing  the  univalent  metals: 
sodium  [1],  potassium  [2],  and  lithium  and  rubidium  [3]. 

Literature  data  on  the  preparation  of  the  magnesium  methyl  carbonate  and  barium  methyl  carbonate  salts  are 
given  in  Communication  I  [1]. 

Buzagh  [4]  mentioned  that  in  his  preparation  of  colloidal  solutions  of  the  carbonate  salts  of  the  alkaline-earth 
metals,  in  particular  of  CaC03,  by  the  Neuberg  method  [5]  of  passing  carbon  dioxide  into  a  methanol  suspension  of 
calcium  oxide,  he  also  observed  the  formation  of  the  calcium  dimethyl  carbonate  salt  CH80CCX)Ca0C00CH3.  The 
author  indicated  that  an  analogy  existed  in  the  behavior  of  strontium  oxide  and  calcium  oxide  but  failed  to  give  the 
details. 


EXPERIMENTAL 

The  methyl  carbonate  salts  of  the  bivalent  metals  were  prepared  from  the  methylates  of  the  corresponding 
metals,  obtained  in  turn  from  the  metals  and  methanol.  The  metals  used  to  prepare  the  salts,  based  on  the  analysis 
data,  contained,in  percent  :  Mg  99.60;  Ca  99.32;  Sr  98.48;  Ba  98.93.  Magnesium  methylate  was  obtained  as  a 
thick  slurry  when  400  ml  of  methanol  was  heated  under  reflux  with  4  g  of  magnesium  turnings  previously  washed 
with  ether.  Calcium  methylate  was  obtained  by  the  addition  of  3.6  g  of  calcium  to  500  ml  of  methanol  at  room 
temperature.  The  turbid  layer  was  decanted,  anJ  the  precipitate  was  treated  with  250  ml  of  methanol.  The  thus 
obtained  suspension  was  used  to  prepare  the  salt.  Strontium  methylate,  the  same  as  barium  methylate,  was 
obtained  by  the  gradual  addition  of  12  g  of  the  metal  to  900  ml  of  methanol  cooled  to  — 18*.  The  solution  was 
filtered  from  a  small  amount  of  deposit  using  a  Schott  filter  under  a  slight  vacuum. 

The  magnesium  methyl  carbonate  salt  (CHiOCOOl^Mg  was  obtained  by  the  passage  of  carbon  dioxide  into  a 
thick  slurry  of  magnesium  methylate  at  25-30"  until  a  clear  solution  of  the  magnesium  methyl  carbonate  salt  was 
formed.  The  methanol  was  removed  by  distillation  under  a  slight  vacuum.  Traces  of  methanol  were  removed  from 
the  pulverized  salt  in  a  vacuum  desiccator,  also  under  a  slight  vacuum.  (CHjOCOO)2Mg  forms  a  clear  viscous  mass  in 
chloroform  or  ethanol.  It  dissolves  in  water  to  yield  a  turbid  solution  (basic  magnesium  salts),  dj®  1.318. 

Found  7o:  Mg  13.85,  13.87;  C  27.66,  27.78;  H  3.78,  3.68.  C4H606Mg.  Calculated  Mg  13.94;  C  27.54; 

H  3.47. 

The  calcium  methyl  carbonate  salt  (CH30CC)0)3Mg  was  obtained  by  the  passage  of  carbon  dioxide  into  a 
methanol  suspension  of  calcium  methylate  at  20*.  At  the  start,  as  the  CO2  was  passed  in,  the  friable  calcium 
methylate  precipitate  dissolved  completely,  and  then  the  calcium  methyl  carbonate  salt  began  to  form  as  a 
crystalline  precipitate.  In  some  experiments  a  peculiar  "superprecipitation"  was  observed  —  the  friable  methylate 
precipitate  was  converted  to  the  crystalline  salt  precipitate.  After  filtering  the  precipitate  on  a  Schott  filter,  with 
protection  from  atmospheric  moisture,  the  traces  of  methanol  were  removed  in  vacuo.  d*°4  1.629. 

Found  Ca  21.72,  21.74;  C  24.94,  24.61;  H  3.29,  3.24.  C4H608Ca.  Calculated  %.  Ca  21.08;  C  25.26; 

H  3.18. 
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The  strontium  methyl  carbonate  (CHjOCCX))jSr  ((^**4  2.214)  and  barium  methyl  carbonate  (CHsOCOOliBa  (d*®4 
2.383)  salts  were  obtained  by  the  passage  of  carbon  dioxide  into  methanol  solutions  of  strontium  (at  20*)  and  barium 
(at^lS*)  methylates.  After  filtering  the  salts,  the  traces  of  methanol  were  removed  from  the  strontium  salt  in  the 
same  manner  as  from  the  calcium  salt,  and  in  the  case  of  the  barium  salt  by  washing  with  ether. 

Found Sr  36.76,  36.87;  C  20.34,  20.36;  H  2.76,  2.69.  C4H604Sr.  Calculated  Sr  36.86;  C  20.21;  H  2.54. 

Found‘d:  Ba  47.84,  47.88;  C  16.18,  16.31;  H  2.10,  2.11.  C4H60eBa.  Calculated*^;  Ba  47.83;  C  16.71;  H  2.10. 

The  barium  methyl  carbonate  salt  melts  at  190-19^  (decompn.). 

The  methyl  carbonate  salts  containing  bivalent  metals  were  analyzed  for  the  amount  of  metal  volumetrically 

[6). 

Thermal  Decomposition  of  Methyl  Carbonate  Salts  Containing  Bivalent  Metals 

The  curves  showing  the  weight  loss  incurred  in  the  thermal  decomposition  of  the  methyl  carbonate  salts  of 
bivalent  metals  as  a  function  of  the  temperature  are  given  in  the  graph. 

The  gaseous  products  evolved  as  the  result  of  the  thermal  decomposition  of  the  magnesium  methyl  carbonate 
salt  at  260-27?,  of  the  strontium  methyl  carbonate  salt  at  200-230*,  and  of  the  barium  methyl  carbonate  salt  at  250- 
270*  contain  only  carbon  dioxide;  neither  carbon  monoxide  nor  ethylene  was  evolved. 


0  50  m  150  ZOO  Z50  300" 


Temperature 

Dependence  of  the  loss  in  weight  of  methyl  carbonate  salts  of 
bivalent  metals  on  the  temperature  of  heating. 

The  evaporating  liquid  was  composed  of  methanol  with  traces  of  formaldehyde  and  dimethyl  ether.  The  solid 
residues  contained  (in  %):  Mg  28.03;  Sr  57.67;  Ba  68.13.  The  weight  losses  from  the  ignitions  (tarry  substances)  were 
(in  %):  for  magnesium  methyl  carbonate  salt  2.1,  for  strontium  methyl  carbonate  2.8,  and  for  barium  methyl  car¬ 
bonate  2.5.  The  solid  residues  remaining  after  the  ignitions  were  the  pure  carbonates  of  the  corresponding  metals. 
Since  neither  carbon  monoxide  nor  unsaturated  hydrocarbons  are  evolved  in  the  decomposition  of  the  methyl  carbonate 
salts  of  bivalent  metals,  which  did  occur  in  the  decomposition  of  the  alkyl  carbonate  salts  of  univalent  metals  [1-3], 
it  is  postulated  that  the  decomposition  of  the  former  salts  proceeds  by  a  simpler  mechanism  than  does  the  decom¬ 
position  of  the  latter  salts. 

SUMMARY 

1.  The  calcium  methyl  carbonate  (CH30COO)jCa  and  strontium  methyl  carbonate  (CHjOCOO)jSr  salts  were 
obtained  in  the  crystalline  state;  we  determined  the  densities  of  the  methyl  carbonate  salts  of  magnesium,  calcium, 
strontium  and  barium,  and  the  melting  point  of  the  barium  salt. 

2.  Thermally  the  least  stable  salt  is  magnesium  methyl  carbonate,  and  the  most  stable  are  strontium  methyl 
carbonate  and  barium  methyl  carbonate. 

3.  The  gaseous  product  from  the  thermal  decomposition  is  carbon  dioxide,  the  liquid  product  is  methanol  (with 
traces  of  formaldehyde  and  dimethyl  ether),  and  the  solid  products  are  the  carbonates  of  the  corresponding  metals  with 
a  small  amount  of  tarry  substances  as  impurity. 

14 


LITERATURE  CITED 


1.  V.  I.  Kurov,  Zhur.  Obshchei  Khim.  490  (1951). 

2.  V.  I.  Kurov,  Zhur.  Obshchei  Khim.  1637  (1951), 

3.  V.  I.  Kurov,  Zhur.  Obshchei  Khim.  M,  1245  (1959). 

4.  A.  Buzagh,  Kolloid-Z.  222  (1926). 

5.  C.  Neuberg  and  B.Rewald,  Kolloid-Z.  2,  321  (1908). 

6.  V.  I.  Kurov,  Vestnik  Leningrad.  Gosudarst.  Univ.,  No.  10,  139  (1958). 


All  abbreviations  of  periodicals  in  the  abdve  bibliof^raphy  are  letter-by*letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


15 


SPECTROSCOPIC  STUDY  OF  THIONE-THIOL  TAUTOMERISM 
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Among  the  various  types  of  prototropic  tautomeric  transformations,  the  thione-thiol  tautomerism  is  unfortunately 
the  least  studied,  despite  the  fact  that  it  possesses  substantial  theoretical  and  practical  interest,  especially  since  many 
sulfur-containing  compounds  find  broad  use  in  the  rubber  industry,  medicine,  photography,  etc.  Together  with  this, 
some  of  the  published  data  on  this  subject  [1-7]  are  contradictory  and  require  additional  study. 

We  employed  the  spectroscopic  method  to  study  the  ability  of  thiourea  and  its  three  phenyl  derivatives  to 
undergo  thione-thiol  tautomeric  transformation. 

It  is  possible  to  postulate  the  existence  of  the  following  tautomeric  forms  of  the  thioureido  group: 

— NH-C=S  — N=C— SH 

I  I 

The  tautomeric  equilibrium  usually  exists  in  solution.  However,  the  existence  of  different  tautomeric  forms 
also  in  the  crystalline  state  is  not  excluded.  Mention  should  also  be  made  of  the  possibility  of  the  thiono  and  thiol 
forms  of  the  molecule  reacting  not  only  with  the  solvent  molecules,  but  also  with  each  to  form  associates  through 
hydrogen  bonding  of  the  types; 

\NH...S<f;  -SH...S<^. 

The  present  communication  is  devoted  to  a  study  of  the  infrared  absorption  spectra  of  thiourea,  phenylthiourea, 
and  diphenylthiourea  (asym.  and  sym.)  both  in  the  crystalline  state  and  in  carbon  tetrachloride  solution.* 

The  infrared  absorption  spectra  in  the  3500-500  cm"^  region  were  obtained  using  a  modernized  DCS -11  single¬ 
beam  infrared  spectrometer,  with  recording  of  the  spectra  on  the  ribbon  chart  of  an  §PP-09  electronic  potentiometer, 

A  Nernst  stem  and  Silit  resistor  (globate)  were  used  as  the  source  of  the  infrared  radiation.  The  proper  filters  were 
used  to  take  care  of  the  parasitic  scattering  of  the  radiation.  The  width  of  the  slit  in  the  investigated  region  of  the 
spectrum  was  varied  from  15  to  4  cm"^.  For  a  more  accurate  estimate  of  the  intensity  of  absorption  a  supplemental 
study  was  made  of  the  1600-1400  cm"^  region  using  an  IKS -2  double -beam  spectrometer. 

To  obtain  the  spectra  of  the  crystalline  materials  we  used  the  following  techniques  to  prepare  the  samples: 
a)  crystallization  of  the  substance  on  the  surface  of  a  salt  plate  from  a  low -boiling  solvent;  b)  suspension  of  the  sub¬ 
stance  in  Nujol;  c)  molding  tablets  of  the  investigated  substance  with  KBr;  d)  sublimation  of  the  substance  on  the 
mirror  face  of  a  special  vacuum  cell  with  a  somewhat  modified  optical  scheme  of  the  illuminator  [8].  In  all  cases 
the  position  and  relative  intensity  of  the  spectral  absorption  bands  could  be  reproduced  quite  accurately.  The  average 
values  of  the  absorption  band  wave  numbers,  obtained  by  various  techniques,  are  given  below 

(I)  Thiourea:  3375,  3267,  3175,  2928,  2680,  1607,  1473,  1418,  1086,  730,  629  cm"\ 

(U)  Phenylthiourea:  3420,  3285,  3190,  3015,  2980,  2930,  2675,  1606,  1580,  1520,  1468,  1310,  1292,  1270, 


The  compounds  were  kindly  supplied  by  I.  I.  Levkoev,  for  which  the  authors  express  their  gratitude. 


1230,  1156,  1060,  966,  918,  810,  750,  694,  610  cm"^. 

(HI)  Dlphenylthiourea  (asym.):  3448,  3280,  3150,  3035,  2928,  2630,  1585,  1485,  1432,  1350,  1334,  1256,  1073, 
1020,  1002,  978,  934,  920,  910,  820,  768,  737,  704,  694,  628  cm"\ 

(IV)  Dlphenylthiourea  (sym.):  3220,  3040,  3015,  2930,  1600,  1530,  1460,  1340,  1318,  1300,  1278,  1244,  1178, 
1074,  1024,  1008,  936,  760,  669,  646,  630,  614  cm■^ 

The  corresponding  spectral  curves  are  shown  in  Fig.  1.  We  used  a  cell  with  a  thickness  of  50  mm  for  recording 
the  infrared  spectra  of  very  dilute  solutions  of  the  phenyl  derivatives  of  thiourea  in  CCI4, 

Discussion  of  Results 

For  the  thlono  form  of  thiourea  and  its  phenyl  derivatives  the  characteristic  absorption  bands  are  [9]:  a)  valence 
vibration  bands  of  the  primary  and  secondary  amino  groups  .>^(NH)  in  the  3500-3100  cm"^  region;  b)  deformation 
vibration  band  of  the  NH2  group  ^(NHj)  in  the  1650-1590  cm"^  region;  c)  valence  vibration  band  of  the  C  =S  bond 
^(C  =S),  characteristic  in  the  presence  of  the  nitrogen  atom,  i.e.,  the  band  of  the  thioureido  grouping  — NH— C  =S, 

I 

which  is  quite  intense  and  lies  in  the  1500-1460  cm"^  interval;  d)  valence  vibration  band  of  theC“N  bond  y(C~N). 

For  the  thiol  form  the  characteristic  bands  are  [9]:  a)  valence  vibration  band  of  the  S  — H  group  u(S— H), 
which  is  located  in  the  2600-2550  cm"^  interval  and,  based  on  existing  data,  has  a  low  intensity^  b)  valence  vibration 
band  of  the  C  =N  bond  v(C  =N)  in  the  1690-1640  cm'^  region;  c)  valence  vibration  band  of  the  C“S  band  u(C~S), 
located  in  the  700-600  cm"^  interval. 

It  is  convenient  to  discuss  the  spectra  obtained  by  us  by  comparing  the  separate  regions  of  characteristic 
vibrations. 

3500-2500  cm~^  region  of  valence  vibrations.  All  of 
the  investigated  compounds  exhibit  a  whole  series  of  bands  of 
variable  intensity  in  this  region,  relating  to  the  valence  vibra¬ 
tions  of  N-H,  C-H  (for  the  phenyl  derivatives)  and,  it  could 
be  assumed,  S— H.  The  most  intense  bands  can  quite  definitely 
be  assigned  to  the  N— H  valence  vibrations  (Fig.  2).  In  the 
spectra  of  the  crystalline  compounds  (I-EU),  having  either  two 
or  one  NHj  group  (Figs.  1  and  2),  two  bands  with  die  frequencies 
(I)  3375  and  3267  cm"^  ,  (H)  3420  and  3285  cm“^  ,  ahd  (III) 
3448  and  3280  cm"^  can  be  reliably  assigned  respectively  to 
the  antisymmetrical,  and  symmetrical,  1/5,  valence  vibra¬ 
tions  of  the  NHj  group. 

In  the  spectra  of  dilute  CCI4  solutions  of  (H)  and  (III) 

(Fig.  2)  these  bands  show  considerable  shift  toward  shorter  wave¬ 
lengths  and  exhibit  in  the  case  of  these  two  compounds,  each 
containing  one  NH2  group,  exactly  coinciding  frequency  values: 
3510  and  3390  cm"^.  On  the  one  hand,  this  indicates  that  the 
different  structure  of  these  molecules  (substituents  on  the 
second  nitrogen  atom)  has  very  little  effect  on  the  vibration 
frequencies  of  the  NH2  group.  On  the  other  hand,  the  much 
lower  value  of  the  and  frequencies  and  their  difference 
in  the  spectra  of  the  crystalline  compounds(n)  and  (HI)  suggest  the  presence  of  strong  hydrogen  bonding,  the  energy 
of  which  is  affected  by  the  difference  in  the  structure  of  (H)  and  (IE).  In  the  spectra  of  crystalline  (EL)  and  (IV), 
containing  one  or  two  secondary  amino  groups,  an  intense  band  is  found  at  3190  and  3220  cm"^  respectively,  which 
can  be  assigned  to  the  valence  vibrations  of  the  bound  >NH  group.  In  the  spectra  of  dilute  solutions  of  these 
compounds  this  band  is  also  shifted  toward  shorter  wavelengths  and  exhibits  a  frequency  of  3415  and  3405  cm“^ 
respectively  (Fig.  2).  Difficulty  is  encountered  in  interpreting  a  second  band  found  at  3375  cm"^  in  the  spectrum  of 
solution  (IV).  It  is  possible  that  it  is  due  to  the  interaction  of  the  vibrations  of  two  >NH  groups. 
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77 


III 


JV 


3500  3U00  3300  3200  3100cm 

Fig.  2.  Distribution  scheme  of  the  infrared 
valence  vibration  bands  of  the  amino  groups. 
Solid  lines  —  absorption  of  crystalline  com¬ 
pounds;  dotted  lines-  absorption  of  dilute 
solutions  of  the  same  compounds  in  CCI4. 
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In  the  spectrum  of  crystalline  thiourea  the  appearance  of  a  third  band  with  a  frequency  of  3175  cm"^  may  also 
be  due  to  the  presence  of  two  NH|  groups.  Unfortunately,  thiourea  is  so  insoluble  in  CCI4  that  we  were  unable  to 
obtain  a  spectrum  of  its  solution;  however,  in  the  crystalline  state  its  molecules  are  undoubtedly  linked  by  very  strong 
hydrogen  bonds,  which  is  evidenced  by  the  low  values  of  the  N“H  vibration  frequencies.  For  the  phenyl  derivatives 
of  thiourea  the  bands  of  the  C~H  vibrations  were  also  observed  in  the  3000  cm'^  region,  which  we  will  not  discuss 
here.  In  addition,  all  of  the  compounds  in  the  crystalline  state  exhibit  in  the  discussed  region  weak  absorption  peaks, 
which  may  be  either  overtones  or  the  principal  valence  vibration  bands  of  primary  or  secondary  amino  groups.  The 
diffuse  absorption  manifested  in  the  spectra  of  crystalline  (I “III)  with  a  maximum  in  the  2700-2600  cm"'  interval 
could  possibly  be  assigned  to  the  S-H  vibrations  of  the  thiol  forms.  However,  it  is  necessary  to  verify  this  postulation 
by  data  from  other  regions  of  the  specttum. 

1650-500  cm"'  region.  The  deformation  vibration  bands  of  the  amino  groups,  constant  with  respect  to  both 
position  and  intensity,  are  easily  detected  in  the  spectra  of  all  of  the  investigated  compounds.  The  frequencies  of  the 
internal  (scissors)  deformation  vibrations  of  the  primary  amino  group,  6(NH2),  for  (I-III)  are  respectively  equal  to 
1607,  1606,  and  1586  cm"'.  The  phenyl  absorption  band  lying  in  this  region  is  seen  in  the  case  of  (H)  as  a  separate 
peak  with  a  frequency  of  1580  cm"'  and  hardly  interferes  in  the  case  of  (HI),  although  it  is  superimposed  on  the  6(NHj) 
band.  In  the  spectrum  of  (IV),  not  containing  a  secondary  amino  group,  it  can  be  seen  that  the  phenyl  band  at 
1600  cm"  is  much  less  intense  than  the  6(NHj)  band  in  the  spectra  of  (I -HI). 

All  of  the  compounds  also  exhibit  the  deformation  vibration  bands  of  the  amino  group,  5(NH),  with  the 
frequencies:  (I)  1086,(0)  1060,(10)  1073,  (IV)  1074  cm"'. 


As  was  to  be  expected,  the  frequency  of  the  >  C  =  S  valence  vibrations  is  affected  but  slightly  by  the  symmetry 
of  the  molecule  and  the  nature  of  the  substituents  on  the  nitrogen  atoms.  In  harmony  with  this,  the  band  of  the 
thioureido  groupings  shows  little  change  in  intensity  and  undergoes  only  slight  shifts.  The  ^(C  =S)  frequencies  for 
(I-IV)  are  respectively  equal  to  1473,  1468,  1485  and  1460  cm"'. 


In  contrast,  the  C~N  valence  vibrations  should  be  strongly  affected  by  substituents  on  the  nitrogen  atom. 
Actually,  if  for  (I)  the  frequencies  of  the  asymmetric,  ^3,  and  symmetric,  C— N  valence  vibrations  are 
respectively  equal  to  1418  and  730  cm"',  then  for  (E)  the  frequencies  1520  and  810  cm"'  relate  to  the  C~N 
vibrations,  for  (IE)  1432  and  820  cm"',  and  for  (IV)  1530  and  936  cm"'.  As  a  result,  the  position  of  the  C~N 
valence  vibration  bands  changes  greatly,  which,  however,  cannot  be  said  for  their  relative  and  absolute  intensities. 


All  of  the  compounds  exhibit  the  deformation  vibration  band  6 


in  the  600  cm"'  region  (Fig.  1). 


In  the  spectra  of  the  phenyl  derivatives  of  thiourea  the  N  vibration  band  is  observed  in  the  1300  cm"' 

region,  and  also  bands,  corresponding  to  different  vibration  forms  of  the  phenyl  radicals,  with  frequencies  at  1250  cm"* 
and  in  the  1000,  950,  760-750  and  690-670  cm"'  regions. 

In  not  a  single  spectrum  of  the  investigated  compounds  were  we  able  to  detect  bands  that  could  be  related  to 
the  C  =N  valence  vibrations  of  the  thiol  form.  The  same  can  also  be  said  for  the  C“S  valence  vibrations  (at  least  in 
the  case  of  thiourea);  in  the  case  of  the  phenyl  derivatives  a  series  of  bands  is  found  in  the  700-600  cm"'  region; 
although  we  were  unable  to  relate  even  one  of  these  bands  to  the  C-S  vibrations,  still  it  is  impossible  to  say  that 
superimposition  of  the  bands  does  not  exist  here. 

As  a  result,  in  the  1650-500  cm"'  region  of  the  spectrum  we  do  not  find  confirmation  of  the  above -expressed 
through  that  substantial  amounts  of  the  thiol  form  exist  in  the  molecules  of  thiourea  and  its  phenyl  derivatives. 

Still  it  is  possible  to  assume,  although  this  is  not  very  probable.that  the  intensity  of  the  absorption  band  of  the  S— H 
vibrations  is  great  when  compared  with  the  band  intemities  of  the  C  =  N  and  C^S  vibrations;  for  this  reason,  the 
first  appears  in  the  spectra  of  the  investigated  compounds,  while  the  latter  do  not  appear.  Then  it  must  be  concluded 
that  thiourea  and  its  phenyl  derivatives  in  the  crystalline  state  exist  primarily  as  the  thiono  form ;  if  the  thiol  form 
is  present,  then  its  amount  is  insignificant. 


SUMMARY 

1.  A  study  and  interpretation  were  made  of  the  infrared  absorption  spectra  of  thiourea,  phenylthiourea,  asym. 
diphenylthiourea  and  sym.  diphenylthiourea  in  the  crystalline  state  in  the  3500-500  cm"'  region,  and  of  the  last 
three  compounds  in  dilute  CCI4  solutions  in  the  3550-2800  cm"'  region. 
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2.  It  was  shown  that  in  the  crystalline  state  the  molecules  of  the  investigated  compounds  are  found  to  exist 
almost  entirely  as  the  thiono  form.  A  comparison  of  the  infrared  spectra  of  these  compounds  with  the  spectra  of 
their  solutions  in  CCI4  testifies  to  the  presence  of  strong  intermolecular  hydrogen  bonding  in  the  crystalline  state. 
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In  connection  with  the  study  of  the  color  of  indigo  and  thioindigo  from  the  point  of  view  of  the  separation  of 
the  structure  of  conjugated  systems  [1,  2]  of  cochromophores  [2]  into  polar  chromophoric  components  [2]  of  the  type 
AK  and  BK  (A  is  an  electron -donor  chromophore,  for  example  NH  and  S4  B  is  an  electron -acceptor  chromophore,  for 
example,  CO  and  NO2;  and  K  is  a  conjugated  system),  we  studied  the  spectra  of  systems  with  a  simplified  structure 
containing  partial  chromophoric  components  present  in  indigoids,  namely  the  systems  of  3-oxo-2,3-dihydrothio- 
naphthene  and  3-oxoindolenine. 

It  was  shown  previously  [3]  that  the  spectrum  of  2-benzylidene-3-oxo-2,3-dihydrothionaphthene  (I)  in  solutions 
changes  during  irradiation  with  light  and  that  the  reason  for  this  is  photochemical  isomerization  of  (I).  Two  isomeric 
forms  of  2-benzylidene-3-oxo-2,3-dihydrothionaphthene,  which  we  designated  by  A  and  B,  were  isolated  and 
characterized. 


Form  B  had  a  more  sterically  hindered  structure  so  that  it  had  a  lower  melting  point  than  form  A,  a  higher 
solubility  in  organic  solvents,  and  a  lower  molecular  extinction.  On  the  basis  of  an  examination  of  approximate 
molecular  structures  of  the  stereoisomers  which  we  constructed,  the  hypothesis  was  put  forward  that  the  more  stable 
form  A  of  compound  (I)  corresponds  to  the  structure  (11)  and  the  form  B,  to  the  structure  (HI). 

The  present  work  was  undertaken  to  determine  whether  the  capacity  for  photochemical  isomerization  is  a 
general  property  of  analogs  and  substituted  derivatives  of  (I).  We  synthesized  20  compounds  (Table  1),  16  of  which 
are  described  for  the  first  time,and  studied  the  phototropy  of  their  solution.  In  all  the  cases  investigated  (Tables  1 
and  2),  the  spectrum  of  a  solution  prepared  in  the  dark  changed  appreciably  on  irradiation  with  visible  light  of 
appropriate  wavelength.  A  considerable  change  in  the  spectrum  was  observed  for  solutions  in  alcohol  and  in  benzene.* 
However,  the  presence  in  solution  of  two  isomeric  forms  appeared  much  more  clearly  if  n-hexane  was  used  as  the 
solvent.  This  is  shown  particularly  well  by  a  comparison  of  Figs.  1  and  2  for  the  case  of  (2-p-dimethylaminobenzyl- 
idene)-3-oxo-2,3-dihydrothionaphthene  (No.  13,  Table  1).*  *  When  a  solution  in  n-hexane  prepared  in  the  dark  (1, 
Fig.  2)  was  irradiated,  on  the  absorption  curve  of  compound  No.  13  there  arose  a  new,  sharp  maximum  at  492.5  mp, 
while  at  the  same  time  the  intensities  of  the  sharp  maxima  at  434  and  462  mp  observed  previously  (2,  Fig.  2) 
decreased, and  this  clearly  indicates  the  partial  conversion  of  form  A  of  compound  No.  13,  which  was  initially  present 


'Analogous  but  considerably  smaller  changes  in  the  spectrum  of  a  solution  of  the  dye  Genacryl  yellow  in  chloroform 
were  observed  by  Wyman  [4]  and  treated  by  him  as  manifestations  of  photochemical  cis-trans  isomerism. 

*  *The  numbers  of  all  the  dihydrothionaphthene  compounds  correspond  to  the  numbers  in  Table  1, 
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176.5—177.5  CnHioOjS  11.36,11.62  11.5 


in  solution,  into  the  other  form  B.*  In  a  benzene  solution  of  compound  No.  13,  the  photochemical  formation  of  form 
B  from  form  A  was  observed  less  clearly  as  irradiation  of  the  solution  prepared  in  the  dark  (1,  Fig.  1)  produced  only  an 
inflection  (in  the  region  of  about  508  mp  )  and  not  a  maximum  on  the  absorption  curve  (2,  Fig.  1). 


2)  after  irradiation  of  previous  solution  (1)  for  Fig.  2.  Spectrum  of  n-hexane  solution  of 

30  min  with  blue  light  on  a  F^K-M  photo-  compound  No.  13.  1)  After  preparation  Li  the 

colorimeter,  3)  after  irradiation  of  previous  dark,  2)  after  irradiation  of  previous  solution 

solution  (2)  for  30  sec  with  direct  sunlight.  (1)  through  a  blue  filter  on  a  FEK-M  photo¬ 

colorimeter,  3)  calculated  curve  for  form  B, 

The  characteristics  of  the  photoisomerization  we  4)  spectrum  after  irradiation  of  solution  (2) 

studied  were  shown  most  clearly  by  an  n-hexane  solution  with  light  from  an  electric  lamp  through  a 

of  compound  No.  13  (Fig.  2).  The  absorption  curve  of  a  ZhS-18  light  filter  for  30  min,  5)  spectrum 

solution  prepared  in  the  dark  (1,  Fig.  2)  was  the  spectrum  of  compound  No.  1  in  n-hexane. 

of  the  pure  form  A, as  the  ordinate  of  curve  1  in  the 

region  of  the  absorption  maximum  of  form  B  (at  492  mp  )  equaled  zero.  By  using  the  calculation  method  proposed  by 
Wyman  and  Brode  [5]  and  assuming  that  the  absorption  intensity  of  form  B  equals  zero  at  490  mp  ,  it  was  possible  to 
find  the  approximate  absorption  spectrum  of  form  B  (curve  3,  Fig.  2)  from  curves  1  and  2  (Fig.  2). 

The  absorption  curve  of  form  A  (1,  Fig.  2)  has  a  higher  intensity  at  the  main  maximum  and  a  clearly  expressed 
subsidiary  maximum.  The  absorption  curve  of  form  B  (3,  Fig.  2)  obtained  by  calculation  has  a  lower  intensity  at 
the  maximum  and  does  not  have  a  second  maximum.  It  is  interesting  to  note  that  the  absorption  curve  obtained 
experimentally  for  form  B  of  unsubstituted  2-benzylidene-3-oxo-2,3-dihydrothionaphthene  has  the  same  character¬ 
istics  [3]. 

As  the  change  in  the  spectrum  of  the  solution  under  the  action  of  light  could  have  been  produced  by  photo¬ 
chemical  decomposition  of  the  solute,  it  was  necessary  to  establish  the  reversibility  of  the  changes  in  the  spectrum. 
The  reversibility  of  the  phototropic  process  could  be  observed  in  all  cases  when  there  was  a  light  filter  which  trans¬ 
mitted  wavelengths  absorbed  by  form  B  and  absorbed  wavelengths  absorbed  by  form  A.  For  example,  a  solution  of 
compound  No.  13  prepared  in  the  dark  (1,  Fig.  2)  contained  only  form  A.  On  irradiation  with  blue  light,  some  of  the 

•The  terms  "cis"  and  "trans"  are  not  completely  definite  in  the  case  of  the  unsymmetrical  compounds  we  studied. 

In  using  them,  it  would  be  necessary  to  indicate  in  each  case  the  substituents  at  the  ethylene  bond  whose  relative 
position  was  considered.  For  this  reason  and  also  because  the  steric  structure  of  the  stereoisomers  studied  has  not 
yet  been  demonstrated  strictly  we  use  letters  for  indicating  the  stereoisomeric  forms  of  (I)  and  analogous  compounds. 
Form  A  is  the  form  whose  long-wave  maximum  is  at  the  shorter  wavelength.  The  other  form  with  the  deeper  color 
is  denoted  by  B. 
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molecules  of  form  A  were  converted  into  an  excited  state.  Some  of  the  excited  molecules  lost  the  excitation  energy 
without  changing  their  configuration  and  others  were  converted  into  form  B.*  Since  blue  light  was  also  absorbed  by 
form  B,  in  their  turn,  the  molecules  of  the  latter  could  be  excited  and  then  converted  to  form  A  so  that  an  equilibrium 
was  established  in  the  solution  between  forms  A  and  B  (2,  Fig.  2).  If  this  solution  with  equilibrium  established  was 
irradiated  with  yellow  light,  which  could  only  be  adsorbed  by  molecules  of  form  B,  then  the  isomerization  reaction 
A  -^B  ceased,  as  molecules  of  form  A  could  not  absorb  quanta  of  the  incident  light.  Meanwhile,  the  photoisomeriza- 
lion  B  -*  A  continued.  However  small  the  quantum  yield  of  the  latter  process,  the  whole  of  the  solute  was  gradually 
converted  into  form  A.  This  yielded  a  solution  whose  spectrum  completely  coincided  with  that  of  a  solution  prepared 
in  the  dark  (4,  Fig.  2,  coinciding  completely  with  curve  1).  Thus,  the  complete  reversibility  of  the  phototropic 
process  was  demonstrated  in  the  given  case. 

TABLE  2 

Phototropic  Properties  of  n-Hexane  Solutions  of  2-Benzylidene-3“OXO“2,3-dihydrothio- 
naphthene  and  Its  Analogs  and  Substituted  Derivatives* 


ft) 

.§ 

Irradia-I 

Solution  of  form  A  (pre- 

ted 

Isos  bes  tic 

z 

pared  in  the  dark) 

solu-  ! 

point 

ft) 

Radiation  source 

•a  g 

ss 

tion  • 

o. 

E 

CO 

WJ 

^BMX 

» •  10- 

^mai 

t  .  10— 

^maz 

•  •  10-‘ 

1 

420 

1.3 

430 

1.2 

Sunlight 

1 

443 

436 

0.7 

2 

406 

1.0 

—418 

0.72 

Sunlight 

2 

426 

422 

0.6 

3 

418 

1.5 

427 

1.2 

Sunlight 

5 

441 

4.32 

0.7 

4 

434 

0.9 

—452 

0.8 

Light  from  109  W  lamp 

30 

4,56 

462 

0.5 

5 

433 

443 

Daylight 

5 

4.54 

454 

6 

7 

420 

430 

—436 

—440 

l^i^t.  f|om  109  W  lamp 

16 

5 

436 

446 

441 

446 

8 

450 

—475 

Light  from  109  W  lamp 
Diffuse  daylight 

3 

462 

484 

9 

~420 

1.85 

435 

2.52 

8 

460 

441 

2.36 

10 

-^410 

1.68 

420 

1.73 

Sunlight 

0.5 

—444 

426 

1.07 

11 

409 

1.82 

433 

2.76 

Diffuse  daylight 

5 

4.58 

440 

1.35 

12 

435 

1.4 

4.54 

1.58 

Sunlight 

5 

—478 

466 

0.94 

13 

434 

3.1 

462 

4.5 

Blue  light 

Blue  light 

30 

492.5 

470 

2.2 

14 

421 

3.4 

444.5 

4.7 

10 

474 

4.53 

2.7 

15 

439 

3.8 

466.5 

5.5 

Blue  light 

30 

497 

475 

5.0 

16 

452 

3.4 

482 

4.7 

Blue  light 

30 

506 

423 

1.4 

490 

2.5 

17 

430 

1.79 

439 

1.9 

Sunlight 

5 

456 

447 

1.45 

18 

417 

1.59 

Sunlight 

5 

437 

427.5 

1.33 

19 

~427 

1.82 

435 

1.98 

Diffuse  daylight 

Diffuse  daylight 

5 

4.55 

444 

1.52 

20 

448 

1.3 

—456 

1.07 

10 

472 

403 

0.32 

467 

0.4 

*The  numbers  of  the  compounds  correspond  to  the  numbers  in  Table  1.  An  absorption 
maximum  determined  approximately  from  a  bend  in  the  curve  is  denoted  by  ~ . 

•  'For  compounds  Nos.  1,  4-10,  19,  and  20,  the  irradiation  time  was  sufficient  for 
equilibrium  tc  be  established  in  solution  between  forms  A  and  B. 

•  *  ‘Only  new  absorption  maxima  are  given.  The  maxima  of  form  A,  which  did  not 
always  disappear  completely  during  irradiation  (see  for  example  Figs.  2  and  3),  are 
not  mentioned. 


The  phototropic  changes  of  compound  No.  15  could  also  be  reversed  completely  by  inadiation  of  the  iso- 
merized*  *  compound  in  solution  for  30  min  through  a  ZhS-18  light  filter.  Partial  reversibility  of  the  phototr^ic 
process  was  observed  with  the  following  compounds:  No.  4  (by  irradiation  through  the  green  light  filter  of  a  FEK-M 


•For  more  detail  see  [6]. 

•  *  Under  the  conditions  given  in  Table  2. 
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Fig.  3.  Spectrum  of  n-hexane 
solution  of  compound  No.  9.  1) 
After  preparation  in  the  dark,  2) 
after  irradiation  of  previous 
solution  (1)  in  sunlight  for  30  sec, 
3)  after  irradiation  of  previous 
solution  (2)  with  sunlight  for  5  min. 


Fig.  4.  Spectrum  of  compound  No. 

17  in  n-hexane.  1)  After  prepara¬ 
tion  in  the  dark,  2)  after  irradiation 
of  previous  solution  (1)  with  sunlight 
for  30  sec,  3)  after  further  irradiation 
of  previous  solution  (2)  with  sun¬ 
light  for  5  min. 


Fig.  5.  Spectrum  of  compound  No.  5  in 
benzene.  1)  After  preparation  in  the  dark, 
2)  after  irradiation  of  previous  solution  (1) 
with  daylight  for  30  sec,  3)  after  irradiation 
of  previous  solution  (2)  with  daylight  for 
5  min. 


Fig.  6.  Spectrum  of  2-<P"nitrobenzylidene)- 
3-oxoindolenine  in  benzene.  1)  After 
preparation  in  the  dark,  2)  after  irradiation 
of  previous  solution  (1)  with  sunlight  for  30 
sec,  3)  after  irradiation  of  previous  solution 
(2)  with  sunlight  for  5  min. 

photocolorimeter).  No.  10  (blue  light  filter  of  f6c-M),  No. 
14(ZhS-18  yellow  light  filter),  and  No.  16  (OS -11  orange 
light  filter). 


As  the  data  in  Table  2  show,  ^  photoisomerization  in  solution  was  undergone  not  only  by  derivatives  of  2-benzyl- 
idene-3-oxo-2,3-dihydrothionaphthene  with  electrophilic  groups  (compounds  Nos.  5-8)  and  electron -donor  groups 
(compounds  Nos,  9-16),  but  also  by  substituted  2-furfurylidene-3-oxo-2,3-dihydronaphthenes  (compounds  Nos.  17-20). 
Spectral  curves  of  typical  representatives  of  the  types  of  compound  listed  are  given  in  Figs.  3-5. 

It  is  known  that, in  contrast  to  thioindigo,  indigo  is  blue  and  N  J4*-dimethylindigo  is  incapable  of  photoisomer¬ 
ization  [7,  8].  Pummerer  and  his  co-workers  made  a  spectroscopic  study  of  2-benzylidene-3-oxo-indolenine,  but  did 
not  observe  isomerism  with  this  compound  [9].  In  order,  to  study  the  isomerization  capacity  of  indolenine  derivatives 
of  this  type,  we  synthesized  2-(p-nitrobenzylidene)-3-oxoindolenine  (IV)  and  2-(p-nitrobenzylidene)-3-oxo-N- 
methylindolenine  (V). 
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As  we  expected,  both  of  these  substances  were  found  to  isomerize  on  irradiation  with  light  of  suitable  wave¬ 
length  (Figs.  6  and  7). 

In  conclusion,  we  would  like  to  report  certain  preliminary  conclusions  on  the  effect  of  structural  factors  on  the 
color  and  spectrum  of  compounds  of  type  I.  The  molecule  of  (1)  is  unsymmetrical.  The  left-hand  (thionaphthene) 
part  is  half  of  the  thioindigo  molecule  (VI)  and  the  other  (benzylidene)  part  is  half  of  stilbene  (VII).  Substitution  in 
different  parts  of  the  molecule  of  (I)  should  have  a  different  effect  on  the  color  of  the  derivatives. 


O  O 

I  ^ 

C=C 

/  \sA/' 


n 

\/\s/ 


CH=CH 

(VII) 


(VI) 


A  comparison  of  compounds  with  the  same  right-hand  part  of  the  molecule  (Nos.  1-4,  and  then  Nos.  5-8,  9-12, 
13-16,  and  17-20  in  Table  2)  shows  that  as  a  rule,  the  color  deepened  in  the  order  6-ethoxythionaphthene  <  6-chloro- 

thionaphthene  <  thionaphthene  <  4,5-benzothionaphthene, 
i.e.,  in  the  same  order  as  with  the  corresponding  symmetrical 
thioindigo  dyes.  The  only  exception  was  observed  in  the 
group  of  compounds  with  NMej.Nos.  13-16,  which  have 
strong  intramolecular  polarization::  Contrary  to  expecta¬ 
tions,  compound  No.  15  was  found  to  be  deeper  in  color 
than  compound  No.  13. 

The  extinctions  of  the  compounds  examined  increased 
in  the  order:  4,5-benzothionaphthene  <  6-ethoxythio¬ 
naphthene  <  thionaphthene  <  6-chlorothionaphthene. 
Deviations  from  this  order  were  observed  only  in  the 
series  of  compounds  Nos.  13-16. 

On  examining  compounds  with  the  same  left-hand 
part  of  the  molecule,  it  is  observed  that  the  color  deepens 
with  an  increase  in  the  strength  of  the  electron -donor 
substituent  present  in  the  benzylidene  part  of  the  molecule, 

H  <  OCHj  <  N(CH|)^.  At  the  same  time  the  extinction  increases.  Thus,  p-dimethylamino  derivatives  Nos.  13-16  have 
deeper  and  more  intense  colors  than  the  corresponding  p-methoxy  derivatives  Nos.  9-12,  while  the  latter  are  deeper 
and  more  intense  than  compounds  without  substituents  Nos.  1-4.  The  p-nitrobenzylidene  derivatives  Nos.  5-8  are 
deeper  in  color  than  the  corresponding  unsubstituted  compounds  Nos.  1-4.  In  order  to  compare  the  extinctions  of 
these  two  group;  of  substances,  we  measured  the  absorption  spectra  of  compounds  Nos.  1-8  in  benzene*  (Table  3). 

The  data  in  Table  3  show  that  the  introduction  of  a  nitro  group  hardly  changed  the  extinction  (Nos.  1,  5,  2,  6,  3,  7,  4, 
8).  Changes  in  the  absorption  spectra  associated  with  the  change  from  n -hexane  to  benzene  solutions  will  not  be 
considered  here, as  the  solvatochromism  of  compounds  Nos.  1-20  will  be  examined  in  detail  in  a  later  communication. 
The  furfurylidene  derivatives  Nos.  17-20  have  a  deeper  color  than  the  corresponding  benzylidene  derivatives  Nos.  1-4. 
Compound  (V)  has  a  deeper  color  than  compound  (IV)  and  the  latter  is  deeper  than  substance  No.  5,  which  is  con¬ 
nected  with  the  increase  in  the  donor  properties:  NiCHs)  >  NH  >  S. 

"Compounds  Nos.  5-8  and  also  (IV)  and  (V)  were  sparingly  soluble  in  hexane, and  errors  could  arise  in  the  determi¬ 
nation  of  the  extinction  due  to  incomplete  solution  of  the  sample  taken  for  preparing  the  solution.  The  substances 
mentioned  were  much  more  soluble  in  benzene  and  this  danger  was  eliminated. 


Fig.  7.  Spectrum  of  2-(p-nitrobenzylidene)-3-oxo- 
indolenine  in  benzene.  1)  After  preparation  in  the 
dark,  2)  after  irradiation  of  previous  solutions  (1) 
with  sunlight  for  5  min,  3)  after  irradiation  of 
previous  solution  (2)  with  a  109  W  lamp  through 
an  OS -11  light  filter  for  30  min. 
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TABLE  3 

Phototropic  Properties  of  Benzene  Solutions  of  Compounds  Nos.  1-8  (irradiation  with  day 
light  for  5  min)* 


Sample 

No. 

Form  A  (solution  prepared  in  the  dark) 

Irradinted 

solution 

Isosbestic  point 

•  •  10-* 

m 

•  •  10~‘ 

X 

•  •  10-* 

1 

~422 

1.2 

434 

1.33 

444 

446 

0.74 

2 

409 

1.02 

—418 

0.97 

427 

429 

0.62 

3 

~420 

1.3 

432 

1.44 

441 

442 

0.81 

4 

441 

0.90 

—453 

0.89 

460 

471 

0.53 

5 

—432 

1.23 

448 

1.36 

458 

466.5 

0.76 

6 

_ 

_ 

428 

1.23 

443 

454 

0.60 

7 

—428 

1.26 

443 

1.37 

454 

458 

0.73 

8 

— 

— 

458 

0.87 

467 

'The  numbers  correspond  to  the  numbers  in  Table  1.  An  absorption  maximum  deter¬ 
mined  approximately  from  a  bend  in  the  curve  is  denoted  by 

EXPERIMENTAL 

The  condensation  of  aldehydes  with  substituted  3-oxo-2,3-dihydrothionaphthenes  was  carried  out  in  analogy 
with  [10,  11].  The  substances  obtained  were  purified  by  repeated  recrystallization  from  suitable  organic  solvents  (see 
Table  1).  In  all  the  cases  investigated,  repeated  recrystallization  of  the  mixture  of  stereoisomers  yielded  one  of  the 
stereoisomers  in  a  pure  or  almost  pure  form.  This  was  normally  isomer  A  (see  Table  1  for  the  physical  properties). 

The  only  exception  was  2-(p-nitrobenzylidene)-N-methyl-3-oxoindolenine  (V),  purification  of  which  by  recrystal¬ 
lization  yielded  what  we  assumed  to  be  form  B. 

The  isolation  of  form  B  was  usually  difficult.  Work  on  chromatographic  separation  of  the  isomers,  which  we 
are  continuing,  has  not  yet  given  positive  results.  A  light  filter  which  would  make  it  possible  to  displace  the  equili¬ 
brium  of  the  photochemical  isomerization  completely  toward  the  formation  of  the  isomer  B  cannot  always  be  found. 
An  equilibrium  in  which  both  forms  are  present  in  solution  in  considerable  amounts  is  normally  established.  Even 
the  determination  of  of  form  B  under  these  conditions  is  often  inaccurate,  not  to  mention  Therefore, 

in  Table  2  we  consider  it  more  accurate  to  give  a  column  of  "absorption  maximum  of  solution  Irradiated  with  light" 
and  not  of  form  B."  On  the  other  hand,  the  data  in  Table  2  on  the  absorption  maxima  of  form  A  and  the  iso- 

sbestic  point  are  quite  accurate. 

Compounds  Nos.  1,  3,  5,  and  8  were  described  previously  (see  Table  1  for  literature).  The  following  compounds 
are  described  for  the  first  time:  2-benzylidene-6-ethoxy-3-oxo“2,3-dihydrothionaphthene  (No.  2),  2-benzylidene- 
6-chloro-3-oxo-2,3-dihydrothionaphthene  (No.  3),  2-f D-niuobenzylidene)-6-ethoxy-3-oxo-2,3-dihydrothionaphthene 
(No.  6),  2-(p-nitrobenzylidene)-6-oxo-2,3-dihydrothionaphthene  (No.7),  2-(p-methoxybenzylidene)-3-oxo-2,3- 
dihydrothionaphthene  (No.  9),  2-(p-methoxybenzylidene)-6-ethoxy-3-oxo-2,3-dihydtothionaphthene  (No.  10), 

2- (p-methoxybenzylidene)“6-chloto-3-oxo-2,3-dihydrothionaphthene  (No.  11),  2-<P“methoxybenzylldene)-4,5- 
benzo -3 -oxo -2 ,3 -dihydro thionaphthene  (No.  12),  2-(p -dimethylam inobenzylidene)-3 -0X0-2 ,3 -dihydrothionaphthene 
(No.  13),  2-(p-dimethylaminobenzylidene)-6-ethoxy-3-oxo-2,3-dihydrothionaphthene  (No.  14),  2-(p-dimethyl- 
aminobenzylidene)-6-chloro-3-oxo-2,3 -dihydrothionaphthene  (No.  15),  2-(p-dimethylaminobenzylidene)-4,5-benzo- 

3 - oxo-2,3 -dihydrothionaphthene  (No.  16),  2-furfurylidene-6-ethoxy-3-oxo-2,3-dihydrothionaphthene  (No.  18), 
2-furfurylidene-6-chloro-3-oxo-2,3-dihydrothionaphthene  (No.  19),  and  2-furfurylidene-4,5-benzo-3-oxo-2,3- 
dihydrothionaphthene  (No.  20). 

Preparation  of  2-(p-nitrobenzylidene)-3-oxoindolenine.  An  indoxyl  melt  [12]  was  carefully  dissolved  In  water 
with  ice.  The  solution  obtained  was  filtered  rapidly  into  a  solution  of  hydrochloric  acid  containing  fine  pieces  of 
ice.  The  yellow  precipitate  of  indoxyl  was  collected  by  filtration  in  a  carbon  dioxide  atmosphere  and  washed  with 
cold  distilled  water  which  had  first  been  boiled  and  cooled  in  a  COj  atmosphere.  The  green  paste  of  indoxyl  was 
rapidly  transferred  to  a  tube,  which  was  immediately  closed  tightly  with  a  rubber  bung.  Part  of  the  indoxyl  paste  was 
dried  for  determining  the  water  content  of  the  paste. 
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A  3.02-g  sample  of  p-nitrobenzaldehyde  v^as  added  to  100  ml  of  alcohol  heated  to  75*  and  a  solution  of  2.66  g 
of  indoxyl  (4.65  g  of  aqueous  paste)  in  50  ml  of  alcohol  and  5  ml  of  concentrated  hydrochloric  acid  added.  After  the 
mixture  had  been  heated  at  75*  for  10  min,  the  product  was  filtered  from  the  hot  reaction  mixture.  The  dark  brown 
precipitate  obtained  was  dried  (weight  2.95  g)  and  then  added  to  150  ml  of  acetic  acid  heated  to  11?.  After  the 
mixture  had  been  stined,  it  was  filtered  in  the  hot  state.  The  acetic  acid -insoluble  residue  (weight  2.1  g)  was 
extracted  with  220  ml  of  acetone  in  a  Soxhlet  apparatus.  Cooling  and  filtration  of  the  extract  yielded  1  g  of  a  red 
precipitate  with  m.p.  269*.  After  three  recrystallizations  from  acetone  with  the  use  of  activated  charcoal,  the  product 
had  m.p.  273-274*  (form  A).  Literature  data:  m.p.  274*  [13].  The  substance  was  insoluble  in  n-hexane.  The 
absorption  maximum  in  benzene  was  467  mp  (e  1.5*  10~^).  After  irradiation  with  diffuse  daylight,  the  substance  had 
Xmax  isosbestic  point  was  489  iryx . 

Preparation  of  2-(p-nitrobenzyliderte)-N -methyl-3 -oxoindolenine.  A  solution  of  1.93  g  of  N-methyl-3-acetoxy- 
indol  [14]  in  100  ml  of  75%  aqueous  alcohol  was  heated  to  75*  with  stirring.  A  hot  solution  of  1.51  g  of  p-nitro¬ 
benzaldehyde  in  25  ml  of  alcohol  and  2.5  ml  of  concentrated  hydrochloric  acid  was  then  added.  After  the  mixture  had 
been  stirred  at  75*  for  10  min,  the  precipitate  was  collected.  The  yield  after  drying  was  2.0  g  (71%).  After  three 
recrystallizations  from  benzene,  the  substance  had  m.p.  214-215*  (form  B). 

Found  %:  C  69.10,  68.92j  H  4.55,  4.63;  N  10.21,  10.22.  CieHuOiN,.  Calculated  %:  C  68.7;  H  4.28;  N  10.0. 

A  solution  in  n-hexane  had  500  mp  and  after  irradiation  of  the  solution  with  light  from  an  electric  lamp 

through  a  ZhS-18  filter,  470  m/i .  The  isosbestic  point  lay  at  483  mp  . 

Preparation  of  solutions  and  measurement  of  spectra.  A  0.400-  to  0.600-mg  sample  of  the  substance  was  intro¬ 
duced  into  100-ml  (for  substances  with  a  molecular  extinction  of  the  order  of  1-1.5  •  10“*)  or  250-ml  (for  substances 
with  a  higher  molecular  extinction)  graduated  flask.  Two  thirds  of  the  required  volume  of  n-hexane*  was  added  and 
the  mixture  heated  on  a  water  bath  for  15  min.  The  contents  of  the  flask  were  cooled  to  20*,  diluted  to  the  mark 
with  n-hexane,  and  mixed  thoroughly.  As  in  all  the  previous  part  of  the  work,  the  cells  were  filled  with  solution  in 
a  weak  red  light.  The  spectra  were  measured  on  an  automatic  recording  SF-2M  spectrophotometer. 

Irradiation  of  solutions.  A  fter  measurement  of  the  spectrum  of  a  solution  prepared  in  the  dark,  the  cell  with 
the  solution  was  removed  from  the  spectrophotometer  and  immediately  placed  in  a  photocolorimeter  or  a  tightly 
closed  box  with  a  window  for  a  light  filter.  Most  often  it  was  simply  placed  close  to  a  window.  For  displacement  of 
the  equilibrium  toward  the  formation  of  the  isomer  B  we  used  irradiation  with  blue  light  on  an  FEK-M  photocolori- 
meter  for  30  min  or  irradiation  with  daylight  for  1-10  min.  For  a  reverse  displacement  of  the  equilibrium  toward  the 
formation  of  the  isomer  A,  the  solution  was  irradiated  with  light  from  a  109  W  electric  lamp  through  an  OS-11  or 
ZhS-18  light  filter  for  10-30  min.  After  irradiation,  the  cell  was  placed  in  the  spectrophotometer  and  the  spectrum 
measured  again. 


SUMMARY 

1.  Phototropy  of  solutions  is  a  general  property  among  substituted  2-benzylidene-3-oxo-2,3-dihydrothio- 
naphthenes. 

2.  Phototropic  changes  are  also  undergone  by  solutions  of  2-(p-nitrobenzylidene)-3-oxoindolenine  and  2-(p- 
nitrobenzylidene)-N -methyl-3 -oxoindolenine. 

3.  Some  preliminary  conclusions  on  the  effect  of  structure  on  color  are  given. 
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HYDROGENATION  OP  UNSATURATED  COMPOUNDS  IN  THE  PRESENCE 
OF  COLLOIDAL  PALLADIUM 

XV.  HYDROGENATION  OF  SOME  OXYGEN -CONTAINING  ACETYLENE  COMPOUNDS 

Kh.  V.  Bal'yan 

Lensovet  Leningrad  Technological  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  1,  pp.  28-35, 

January,  1961 

Original  article  submitted  February  16,  1960 

Continuing  our  investigations  on  the  hydrogenation  of  unsaturated  compounds  in  the  presence  of  colloidal 
palladium,  we  hydrogenated  propargyl  alcohol,  methylacetylenylcarbinol,  propiolic  acid,  its  ethyl  ester,  acetyl- 
acetylene,  methylacetylene,  and  ethylacetylacetylene  in  methanol,  ethanol,  or  ethyl  ether.  The  hydrogenation  of 
the  methyl  ether  of  dimethylacetylenylcarbinol  was  studied  again. 

Exhaustive  hydrogenation  of  propargyl  alcohol  showed  that  in  contrast  to  the  tertiary  alcohols  we  studied 
previously  [1,  2],  it  adds  hydrogen  very  slowly  and  peculiarly:  Only  35%  of  the  calculated  amount  of  hydrogen  was 
added  in  the  first  6  hours, and  after  this  the  reaction  rate  increased  sharply  and  then  fell  again  (Fig.  1,  curve  2).  The 
hydrogenation  was  repeated  many  times,  but  the  nature  of  the  hydrogenation  rate  curve  remained  as  before.  A  check  of 
the  catalyst  on  other  compounds  showed  that  it  had  the  normal  high  activity.  This  curve  of  the  hydrogenation  rate  is 
reminiscent  of  processes  we  observed  previously  and  which  proceed  in  the  presence  of  certain  retarders  [1-3], and  there¬ 
fore  there  is  the  possibility  that  this  type  of  hydrogenation  is  not  a  specific  property  of  propargyl  alcohol,  but  is 
produced  by  traces  of  some  impurities  from  which  the  propargyl  alcohol  cannot  be  freed  by  repeated  distillation. 

Hydrogenation  of  propargyl  alcohol  with  an  equimolecular  amount  of  hydrogen  (partial  hydrogenation)  in  the 
presence  of  colloidal  palladium  showed  that  the  process  Is  extremely  selective  and  forms  allyl  alcohol. 

A  secondary  acetylenic  alcohol,  methylacetylenylcarbinol,  hydrogenated  much  more  rapidly  .and  as  the  curve 
of  the  hydrogenation  rate  (Fig.  1,  1)  shows,  the  process  proceeded  with  gradual  acceleration  which  was  particularly 
strong  in  the  second  half  of  the  reaction.  Partial  hydrogenation  of  this  alcohol  was  also  selective.  Thus,  as  regards 
the  selectivity  of  hydrogenation,  the  alcohols  we  investigated  are  similar  to  other  acetylenic  alcohols  with  a  terminal 
acetylenyl  group  [1-4]. 

It  is  interesting  to  note  that  in  contrast  to  tertiary 
alcohols  of  analogous  structure  [4],  some  primary  acetylenic 
alcohols,  for  example  pent-3-yn-l-ol  [5]  and  1-phenylprop- 
l-yn-3-ol  [6],  which  have  a  triple  bond  in  the  middle  of 
the  chain,  are  also  hydrogenated  selectively  to  the  cor¬ 
responding  ethylenic  alcohols  in  the  presence  of  palladium 
[5,  6]. 

The  hydrogenation  of  propiolic  acid  in  the  presence 
of  various  catalysts,  including  palladium,  has  been  studied 
[7],  while  on  the  contrary  there  are  few  data  on  the  esters 
of  acetylenic  acids.  In  particular,  there  is  no  information 
on  the  hydrogenation  of  ethyl  propiolate  in  the  presence  of 
palladium. 

The  propiolic  acid  was  prepared  from  fumaric  acid  and 
had  constants  which  corresponded  to  literature  data  [8]. 

Ethyl  propiolate  was  prepared  by  keeping  a  solution  of  the 
acid  in  anhydrous  alcohol  with  concentrated  sulfuric  acid 
for  2  days.  It  had  constants  corresponding  to  literature  data  [8]. 
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Fig,  1.  Hydrogenation  rate  curves.  1)  Methyl¬ 
acetylenylcarbinol,  2)  propargyl  alcohol  (along 
the  abscissa:  upper  scale  for  1,  lower  scale  for 
2),  Amount  of  hydrogen  absorbed  from  the  begin¬ 
ning  of  the  process  (in  %  of  2Hj),  1:  a)  47.0,  b) 
66.0,  c)  82.0;  2:  a)  26.0,  b)  35.0,  c)  66.0,  d)  72.0. 
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The  hydrogenation  rate  of  propiolic  acid  differed  sharply,  depending  on  the  solvent.  In  absolute  ether,  the 
first  molar  equivalent  of  hydrogen  was  added  In  190  min.  During  hydrogenation  In  methanol,  the  first  phase  of  the 
reaction  was  complete  In  15  min.  The  process  In  both  solvents  proceeded  with  acceleration,  which  was  particularly 
strong  in  the  second  stage  of  hydrogenation  (Fig.  2).  In  the  partial  hydrogenation  of  propiolic  acid  in  absolute  ether 
with  a  small  amount  of  hydroquinone  added  (to  prevent  polymerization  of  the  hydrogenation  products),  a  liquid  with 
the  physical  constants  of  acrylic  acid  (80*^  yield)  was  isolated  from  the  hydrogenation  product.  In  addition,  a  sample 
of  the  hydrogenation  products  did  not  give  a  precipitate  with  an  ammonia  solution  of  cuprous  chloride,  in  contrast  to 
propiolic  acid  itself;  the  infrared  spectrum  of  propiolic  acid  contained  the  triple  bond  frequency  of  2120  cm~^,  which 
is  very  strong  with  a  layer  thickness  of  2-3  p  .  The  substance  extracted  from  the  hydrogenation  product  did  not  show 
this  frequency  even  with  a  layer  thickness  of  50p  .  The  spectra  contained  the  frequency  1642  cm"^  (high  intensity), 
which  is  characteristic  of  a  terminal  vinyl  group. 
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Fig.  2.  Hydrogenation  rate  curves  of 
propiolic  acid.  1)  In  absolute  ether, 

2)  in  methanol  (along  the  abscissa: 
upper  scale  for  1,  lower  scale  for  2). 

A  mount  of  hydrogen  absorbed  from  the 
beginning  of  the  process  (in  of  2Hj), 
1:  a)  32.2,  b)  42.2,  c)  55.7,  d)  65.2, 
e)  68.2,  f)  71.4;  2:  a)  32.3,  b)  46.7, 
c)  69.5,  d)  81.0,  e)  82.4,  f)  84.2. 


Ethyl  propiolate  was  hydrogenated  in  methanol.  The 
presence  or  absence  of  a  small  amount  of  hydroquinone  did  not 
affect  the  course  of  the  hydrogenation  or  the  composition  of  the 
hydrogenation  product.  The  process  proceeded  at  an  increasing 
rate  (Fig.  3)  and  this  was  particularly  marked  during  the  absorp¬ 
tion  of  35-60%  of  hydrogen  (of  2Hj).  Partial  hydrogenation  of 
ethyl  propiolate  yielded  ethyl  acrylate:  In  contrast  to  the 
starting  material,  the  hydrogenation  product  did  not  give  a 
precipitate  either  with  an  ammonia  solution  of  silver  oxide  or 
with  cuprous  chloride.  Thus,  it  was  shown  that  propiolic  acid 
and  its  ethyl  ester  are  hydrogenated  strictly  selectively,  but  at 
different  rates.  The  hydrogenation  rate  of  propiolic  acid 
depended  strongly  on  the  solvent. 

In  the  literature  there  is  a  report  that  partial  hydrogenation 
of  liquid  acetylacetylene  on  a  nickel  catalyst  at  10-15  atm  gives 
a  good  yield  of  methyl  vinyl  ketone  [9].  Bourguel  [6],  who 
described  the  hydrogenation  of  two  acetylenyl  ketones  in  the 
presence  of  colloidal  palladium,  reported  that  he  was  unable  to 
isolate  a  pure  compound  from  the  partial  hydrogenation  product 
of  methylacetylacetylene.  The  other  ketone  he  studied,  namely 
phenylacetylacetylene,  gave  a  mixture  of  the  starting,  ethylenic, 
and  saturated  ketones  on  partial  hydrogenation. 

We  hydrogenated  three  acetylenyl  ketones,  namely 
acetylacetylene,  methylacetylacetylene,  and  ethylacetylacetylene. 
Exhaustive  hydrogenation  in  methanol  with  a  smail  amount  of 


hydroquinone  (to  prevent  polymerization)  proceeded  differently 

for  them  (Fig.  4).  The  hydrogenation  rate  of  the  first  ketone 

increased  sharply  after  the  absorption  of  one  molar  equivalent  of 

hydrogen.  On  the  other  hand,  the  hydrogenation  of  the  other  two 

ketones  proceeded  more  rapidly  in  the  first  half,  and  more 

slowly  in  the  second  half.  Partial  hydrogenation  of  the  ketones 

Time  (min)  selective  and  ied  to  the  predominant  formation  of  the 

.  corresponding  ethylenic  ketones. 

Fig.  3.  Hydrogenation  rate  curves  of  ethyl  o  i 

propiolate.  1)  Without  hydroquinone,  2)  In  our  work  [10]  we  noted  a  sharp  difference  between  the 

with  hydroquinone.  Amount  of  hydrogen  hydrogenation  rates  of  methyl  ethers  of  dimethylacetylenyl-  and 

absorbed  from  the  beginning  of  the  process  dimethylvinylcarbinols  on  the  one  hand  and  the  ethyl  ethers 

(in  %  of  2Hj):  a)  48.9,  b)  65.2,  c)  74.1.  of  dimethyl-  and  methylethylacetylenylcarbinols,  on  the  other. 

As  we  synthesized  the  first  two  ethers  from  methyl  iodide  and  the 
corresponding  alcoholate,  we  suspected  that  the  reason  for  the  very  slow  hydrogenation  of  these  ethers  could  have  been 
the  presence  of  small  residues  of  iodine  compounds.*  To  check  this  hypothesis,  we  resynthesized  the  methyl  ether  of 
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*The  molecular  concentration  of  KI*Ij  poisoning  a  platinum  catalyst  in  the  decomposition  of  hydrogen  peroxide  is 
li  5,000,000  [11]. 


H,(nil) 


dlmethylacetylenylcarbinol  not  through  the  alcoholate,  but  horn 
the  acetylenic  alcohol  and  methanol  in  the  presence  of  concen¬ 
trated  sulfuric  acid  in  the  same  way  that  we  synthesized  the  ethyl 
ethers  [10].  The  methyl  ether  obtained,  which  had  physical 
constants  corresponding  to  literature  data  [12],  was  hydrogenated 
as  fast  as  the  ethyl  ethers  of  acetylenic  alcohols,  and  this 
apparently  confirms  the  hypothesis  put  forward  on  the  strong 
retarding  action  of  iodine  compounds  on  catalytic  hydrogen¬ 
ation. 

EXPERIMENTAL* ** 

1.  Hydrogenation  of  propargyl  alcohol*  * .  Data  on  the 
hydrogenation  rate  are  given  briefly  in  Table  1  and  Fig.  1. 

For  the  partial  hydrogenation  of  propargyl  alcohol  we 
used  0.97  g  of  alcohol,  3  ml  of  colloidal  palladium  (5  mg  of  Pd), 
and  50  ml  of  methanol  at  19*  (770  mm).  Calculated:  IHj 
=  442  ml.  This  amount  of  hydrogen  was  absorbed  in  5  hr.  After 
hydrogenation,  the  solution  did  not  give  a  precipitate  with  an 
ammonia  solution  of  silver  oxide  or  cuprous  chloride. 

TABLE  1 

60  120  180  240  300  360  377  382  389  409 


Amount  of  hydrogen  35  60  95  137  192  260  297  485  530  560 

absorbed  from  the  “iX  'Wi  TP  m  35.2  40.2  65?7  TTs 

beginning  of  the 
process 

Footnote;  The  upper  figure  is  the  amount  in  milliliters  and  the  lower  figure,  the  percent 
of  2Hs.  0.8680  g  of  propargyl  alcohol,  3  ml  of  colloidal  palladium  (5  mg  of  Pd),  50  ml 
of  methanol,  18*  (764  mm);  calculated  amount  of  hydrogen  (2H2)  =  736  ml. 

2.  Synthesis  and  hydrogenation  of  methylacetylenylcarbinol.  The  alcohol  was  prepared  from  22  g  of 
acetaldehyde  and  acetylene  in  150  ml.of  absolute  ether  in  the  presence  of  75  g  of  dry  powdered  potassium  hydroxide 
and  20  g  of  sodamide  [13].  The  yield  was  10  g  (30^). 

B.p.  108-109*,  d*®4  0.8848,  n*“D  1.4260.  Literature  data  [12]:  b.p.  107-109*,  d*®4  0.8858,  n”D  1.4265. 

Data  on  the  hydrogenation  rate  of  methylacetylenylcarbinol  are  given  in  Fig.  1.  We  used  1.2960  g  of  the 
acetylenic  alcohol,  3  ml  of  colloidal  palladium  (5  mg  of  Pd),  and  50  ml  of  methanol  at  17*  (752  mm).  Calculated: 
2Hj  =  890  ml.  The  hydrogenation  (absorption  of  85.4*70  of  the  hydrogen)  was  complete  after  36  min. 

For  the  partial  hydrogenation  of  methylacetylenylcarbinol  we  used  0.9770  g  of  the  substance,  3  ml  of  colloidal 
palladium  (3  mg  of  Pd),  and  50  ml  of  methanol  at  17*  (752  mm).  Calculated:  IHj  =  335  ml.  The  hydrogenation 
time  was  10  min.  Heating  a  sample  of  the  hydrogenation  product  with  metallic  sodium  did  not  show  the  formation 
of  acetylene  [14].  The  bromide— bromate  method  showed  that  the  hydrogenation  products  contained  83*7*  of  a 
compound  with  a  double  bond. 


*  V.  A.  Kormer,  A.  A.  Ryabkova,  and  N.  A.  Borovikova  helped  with  the  experimental  work. 

**  After  two  distUlations  the  alcohol  had  b.p.  113-114*,  dF®4  0.9725,  i^®D  1.4308.  Literature  data  [12]:  b.p.  114-115*, 
d"4  0.9715,  n“D  1.4306. 
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Fig.  4  Hydrogenation  rate  curves  of  acetylenyl 
ketones  1)  Acetylacetylene,  2)  methylacetyl- 
acetylene,  3)  ethylacetylacetylene  (along 
the  abscissa:  upper  scale  for  2  and  3,  lower 
scale  for  1).  Amount  of  hydrogen  absorbed 
from  the  beginning  of  the  process  (in  %  of 
2H,):  a)  50.0,  b)  66.3,  c)  82.0. 
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Amount  of 

ml  1 

108 

204 

265 

301 

395 

520 

610 

638 

655 

662 

668 

hydrogen 

absorbed 

35 

75 

122 

170 

248 

367 

427 

434 

440 

444 

446 

from  the 

lv/( 

11.6 

21.8 

28.3 

32.2 

42.2 

55.7 

65  2 

68.2 

69.9 

70.6 

71.2 

beginning  of 
the  process 

6.6 

14.2 

23.2 

32.3 

46.7 

69.5 

81.0 

82.4 

83.6 

84.2 

84.6 

Footnote:  1)  1.3322  g  of  ptopiolic  acid,  40  ml  of  absolute  ether,  5  ml  of  colloidal 
palladium  (5  mg  of  Pd),  and  18*  (755  mm).  Calculated:  2Hj  =  935  ml  (upper  scale). 

2)  0.8232  g  of  propiolic  acid,  40  ml  of  methanol,  3  ml  of  colloidal  palladium  (3  mg 
of  Pd),  and  19*  (760  mm).  Calculated:  2Hj  =  527  ml  (lower  scale). 

3.  Preparation  and  hydrogenation  of  propiolic  acid.  From  100  g  of  fumaric  acid*  and  138  g  of  bromine  with 
successive  dehydrobromlnation,  decarboxylation  of  the  acid  potassium  salt,  treatment  with  sulfuric  acid,  extraction, 
drying,  and  distillation  yielded  7  g  of  propiolic  acid  with  b.p.  71-72*  (40  mm),  (^4  1.1436,  n*®D  1.4307*  * ,  which 
corresponds  to  literature  data. 

The  acid  was  hydrogenated  in  absolute  ether  and  methanol.  Data  on  the  hydrogenation  rate  are  given  briefly 
in  Table  2  and  Fig.  2. 

For  the  partial  hydrogenation  of  propiolic  acid  we  used  21.6050  g  of  the  substance,  20  ml  of  colloidal  palladium 
(20  mg  of  Pd),  and  150  ml  of  absolute  ether  at  21*  (765  mm).  Calculated:  IH2  =  7600  ml.  A  small  amount  of 
hydroquinone  was  added  to  prevent  polymerization  in  the  solution.  The  total  hydrogenation  time  was  10  hr.  In  the 
initial  period  of  the  reaction,  the  mean  absorption  rate  was  120  ml  of  hydrogen  in  30  min.  A  fresh  portion  of  catalyst, 
namely  10  ml  of  a  concentrated  colloidal  solution  of  palladium  (3  mg  per  ml),  was  added  to  the  solution  to  accelerate 
the  process.  The  initial  hydrogenation  rate  was  increased  by  a  factor  of  almost  five.  After  the  absorption  of  l/3  of 
the  calculated  amount  of  hydrogen  (of  2H2),  the  reaction  rate  was  again  increased:  The  hydrogen  absorption  rate  was 
increased  from  200  to  550  ml  pet  10  min. 

After  the  addition  of  the  calculated  amount  of  hydrogen  (7600  ml),  the  reaction  was  stopped  and  the  catalyst 
removed  by  filtration.  The  filtrate  was  dried  over  anhydrous  sodium  sulfate,  the  ether  removed  by  distillation  on  a 
column,  and  the  residue  fractionated  in  vacuum  (30  mm).  The  bulk  of  the  material  had  b.p.  61-6?  (30  mm),  c^4 
1.0504,  1.4220.  The  yield  of  acrylic  acid  was  17.3  g  (80%). 

4.  Preparation  and  hydrogenation  of  ethyl  propiolate.  To  a  solution  of  9.5  g  of  propiolic  acid  in  20  ml  of 
anhydrous  alcohol  was  added  1.6  ml  of  concentrated  sulfuric  acid  with  external  cooling.  After  standing  for  two  days, 
the  mixture  was  diluted  with  water  and  the  ethyl  propiolate  formed  extracted  with  ether,  washed  with  bicarbonate, 
dried  with  calcium  chloride,  and  distilled  on  a  column.  We  collected  a  fraction  (5.9  g)  with  b.p.  119-12Cr  (758  mm), 
d*®4  0.9523,  n^°D  1.4092. 

Data  on  the  hydrogenation  rate  of  ethyl  propiolate  are  given  in  Fig.  3.  We  used  0.7695  g  of  ethyl  propiolate 
for  hydrogenation  without  hydroquinone  and  0.8040  g  with  a  small  amount  of  hydroquinone  in  addition  to  40  ml  of 
methanol  and  2  ml  of  colloidal  palladium  (2  mg  of  Pd)  at  17*  (758  mm).  Calculated:  2H2  =  376  and  396  ml.  In 
both  cases  hydrogenation  was  complete  in  approximately  30  min. 

For  partial  hydrogenation  of  ethyl  propiolate  we  used  0.9758  g  of  the  substance,  40  ml  of  methanol,  and  2  ml 
of  colloidal  palladium  (2  mg  of  Pd)  at  18*  (741  mm).  Calculated:  IH2  =  251  ml.  The  calculated  amount  of  hydrogen 
was  absorbed  in  7  min.  The  coagulated  catalyst  was  removed  by  filtration  and  the  precipitate  on  the  Alter  yrashed 
with  methanol.  The  completely  transparent  filtrate  did  not  give  a  precipitate  either  with  an  ammonia  solution  of 
silver  oxide  or  with  cuprous  chloride.  This  indicates  that  there  was  selective  hydrogenation  of  ethyl  propiolate  to 
ethyl  acrylate. 


*  Replacement  of  fumaric  acid  by  maleic  acid  reduced  the  yield  of  dibromosuccinic  acid  by  a  factor  of  almost  two. 

*  *The  values  given  in  [15]  were  n*®D  1.43100,  n“D  1.43316. 


5,  The  hydrogenation  of  acetylenyl  ketones*  was  carried  out  In  the  presence  of  small  amounts  of  hydroqulnone 
to  prevent  polymerization.  Data  on  the  hydrogenation  rate  of  acetylacetylene  are  given  by  curve  1  of  Fig.  4t  we  used 
0.4962  g  of  acetylacetylene,  3  ml  of  colloidal  palladium  (3  mg  of  Pd),  and  50  ml  of  methanol  at  19*  (734  mm). 
Calculated:  2H2  =  >>5  ml.  The  hydrogenation  was  complete  in  70  min.  An  analogous  picture  was  observed  with  a 
somewhat  larger  sample  of  ketone  (0.7075  g)  and  a  larger  amount  of  palladium  (5  mg  of  Pd). 

The  partial  hydrogenation  of  acetylacetylene  was  carried  out  with  0.7300  g  of  ketone  in  50  ml  of  methanol  and 
3  ml  of  colloidal  palladium  (3  mg  of  Pd)  at  19*  (764  mm).  The  calculated  amount  of  hydrogen  (256  ml)  was  added 
after  65  min.  Qualitative  reactions  showed  that  the  hydrogenation  product  did  not  contain  compounds  with  a  terminal 
acetylenyl  grouping,  which  indicates  the  selective  nature  of  the  hydrogenations. 

Data  on  the  hydrogenation  rate  of  methylacetylacetylene  are  given  by  curve  2  in  Fig.  4;  we  used  0.8140  g  of 
methylacetylacetylene,  1  ml  of  colloidal  palladium  (1  mg  of  Pd),  and  50  ml  of  methanol  at  18*  (784  mm).  Calcula¬ 
ted:  2H|  =  460  ml.  Hydrogenation  was  practically  complete  in  50  min. 

Partial  hydrogenation  of  methylacetylacetylene  was  carried  out  with  2.5335  g  of  ketone  in  50  ml  of  methanol 
and  2  ml  of  colloidal  palladium  (2  mg  of  Pd)  at  18*  (782  mm).  The  calculated  amount  of  hydrogen  (720  ml)  was 
added  in  22  min.  Redistillation  of  the  hydrogenation  products  yielded  1.35  g  (53%)  of  a  colorless  liquid  with  a  weak 
fruity  odor,  which  became  sharp  during  brief  storage.  The  liquid  had  b.p.  122-123*,  d*®4  0.8654,  and  n*®D  1.4365, 
which  corresponds  to  literature  data  for  pent-2-en-4-one  and  indicates  the  selectivity  of  the  process. 

Data  on  the  hydrogenation  rate  of  ethylacetylacetylene  are  given  by  curve  3  of  Fig.  4;  we  used  1.5500  g  of 
ethylacetylacetylene,  75  ml  of  methanol,  and  3  ml  of  colloidal  palladium  solution  (3  mg  of  Pd)  at  18*  (783  mm). 
Calculated:  2H2  =  742  ml.  The  hydrogenation  was  complete  in  38  min. 

SUMMARY 

1.  The  hydrogenation  of  acetylenic  alcohols  (primary  and  secondary),  acids,  their  esters,  ketones,  and  ethers 
in  the  presence  of  colloidal  palladium  was  studied. 

2.  It  was  established  that  the  alcohols  studied,  propiolic  acid,  its  ethyl  ester,  and  also  acetylenyl  ketones  with 
the  triple  bond  at  the  end  and  in  the  center  of  the  chain  are  hydrogenated  strictly  selectively  at  the  acetylenic  bond. 

3.  It  was  shown  that  the  curves  of  the  hydrogenation  rate  of  primary  and  secondary  acetylenic  alcohols  differ 
from  each  other  and  also  from  curves  of  the  hydrogenation  rates  of  tertiary  alcohols. 

4.  Hydrogen  is  added  to  propiolic  acid  in  absolute  ether  much  more  slowly  than  in  methanol.  The  hydrogenation 
of  the  acid  and  its  ethyl  ester  proceeds  with  acceleration,  which  is  particularly  strong  in  the  second  phase  of  the 
process. 

5.  Curves  of  the  hydrogenation  rate  of  acetylenyl  ketones  differ;  Acetylacetylene  is  hydrogenated  much  more 
slowly  than  ketones  with  the  acetylenic  bonds  in  the  middle  of  the  chain.  In  addition,  the  hydrogenation  rate  of  the 
first  ketone  increases  sharply  in  the  second  stage,  while,  on  the  other  hand,  that  of  the  other  two  ketones  increases  in 
the  first  phase. 

6.  The  carbonyl  group  of  the  ketones,  like  the  carboxyl  and  ester  groups,  was  not  hydrogenated  under  the 
conditions  used. 

7.  It  was  established  that  the  methyl  ethers  of  dlmethylacetylenyl-  and  dimethylvinylcarbinols  obtained  with 
methyl  iodide  are  hydrogenated  in  the  presence  of  colloidal  palladium  much  more  slowly  than  the  alcohols  them- 
<!elves  and  the  same  ethers  synthesized  without  the  use  of  methyl  iodide.  This  may  be  because  of  the  presence  of 
traces  of  iodine  compounds  in  the  ethers. 
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In  a  previous  investigation  [1,  2]  we  studied  the  reaction  of  dimagnesiobromodimethylethynylcarbinol  with 
dialky I(aryl)dichlorosilanes  in  the  presence  of  catalytic  amounts  of  cuprous  chloride  and  mercuric  chloride  according 
to  the  scheme 


cn, 

I 

2nrMRO— C-C  -CMgllr  -f  HaSiCIa 
I 

Cll, 


IloSi 


dig 

I 

C=C— C-OH 
I 

'■H.i  J 


The  presence  of  two  hydroxyl  groups  in  the  ditertiary  y  -silicon -containing  acetylenic  glycols  obtained  was 
demonstrated  by  the  preparation  of  the  corresponding  acetyl  derivatives. 

In  the  present  communication  we  describe  the  synthesis  by  the  above  method  of  other  branched  ditertiary 
y  -silicon -containing  acetylenic  glycols,  whose  structures  were  also  demonstrated  by  the  preparation  of  the  cor¬ 
responding  acetyl  derivatives  [3].  The  data  are  given  in  the  table. 

EXPERIMENTAL 

1.  Bis-(3-trimethylpent-l-yn-3-ol)-dimethylsilane  (I).  With  continuous  stirring  and  cooling,  49  g(0.5  mole) 
of  methylethylacetylenylcarbinol  was  added  to  the  Grignard  reagent  from  24  g  of  magnesium  and  109  g  of  ethyl 
bromide  and  the  reaction  mixture  then  stirred  for  3  hr  and  left  overnight.  On  the  following  day  a  mixture  of  catalysts 
(0.5  g  of  HgGlt  and  1,0  g  of  CU|C]2)  was  added  to  the  reaction  mixture  and  34  g  (0.25  mole)  of  dimethylchloro- 
silane  introduced  dropwise  with  cooling.  The  reaction  mixture  was  stirred  for  3  hr  at  room  temperature  and  6  hr  on 

a  water  bath.  The  complex  was  decomposed  with  dilute  hydrochloric  acid  (10-127o).  The  ether  layer  was  separated 
and  dried  with  sodium  sulfate,  the  ether  removed,  and  the  residual  product  crystallized.  The  yield  was  35  g  (55.5%). 

The  other  five  ditertiary  y  -silicon -containing  acetylenic  glycols  whose  characteristics  are  given  in  the  table 
were  prepared  analogously. 

2.  Bis-<trimethyl-pent-l-yn-3-acetoxy)-dimethylsilane  (Vll).  To  5.06  g  of  bis-(trimethylpent-l-yn-3-ol)- 
dimethylsilane  was  added  4.06  g  of  acetic  anhydride.  The  mixture  was  heated  for  8  hr  at  TO*.  Removal  of  the 
acetic  acid  and  two  distillations  yielded  2.35  g  (33%)  of  the  acetoxy  derivative. 

The  other  four  acetyl  derivatives  of  ditertiary  y  -silicon-containing  acetylenic  glycols  whose  characteristics 
are  given  in  the  table  were  prepared  analogously. 


SUMMARY 

1,  The  following  six  ditertiary  y  -silicon-containing  acetylenic  glycols  were  synthesized  and  described  for 
die  first  time:  bis-(3-methyIpent-l-yn-3-ol)-dimethylsilane,  bis-(3-methylpent-l-yn-3-ol)-methylethylsilane, 
bis-(3-methylpent-l-yn-3-ol)-methylpropylsilane,  bis-(3,5-dimethylhex-l-yn-3-ol)-dlmethylsilane,  bis -(3 -methyl - 
hept-l-yn-3-ol)-dimethylsilane,  and  bis-(3-methylhept-l-yn-3-ol)-diethylsilane. 
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(continued  overleaf) 
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(I) 

(H) 
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(  'i 

I  in  I 
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I  CH,-CH-CH,-C-C=C  I  i 
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=C  I  Si(CH,), 
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OH 


B  t$ -( 3 -methylpent  - 1 -yn  “ 
3-ol)-dimethylsilane 

B  is  -(  3  -methylpent  -1  -yn  - 
3-ol)-methylethylsilane 

Bis-(3-methylpent-l-yn- 
3  -ol)-methylpropylsiland 


B  is  -( 3 ,5  -dimethylhex  -1  - 
yn  -3  -ol)-dimethylsilane 


Bis-(3-methylhept-l-yn- 

3-ol)-dimethylsilane 


[B  is  -( 3  -methylhept  - 1  -yn  • 
3  -ol)-diethylsilane 


M.p.  85.5— 

87® 


M.p.  60 
M.p.  50-51 

141-143(4) 

147  (4) 

M.p.  70-71 


(VII) 

(VIII) 

(IX) 

(X) 

(XI) 
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SI(CH,1, 
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B  is -( 3  -  methylpent  - 1  -  yn - 
3-acetoxy)^-aimethy^- 
silane 
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B  is -( 3 -me  thy  Ipent  - 1  -  y  n - 
3-acetoxy)-methyl- 
propylsilane 

156-158(4) 

B  is  ■<  3 ,5  -dimethylhex  - 1  - 

169—171(4) 

yn  -3  -acetoxy)-dimethyl 
silane 

B  is -( 3 -methylhept  - 1 -yn - 
3-acetoxy)-dImethyl- 
silane 

174-176(3) 

Bis  -(3  -methylhept- 1  -yn- 
3  -acetoxy)-diethyl- 
silane 

190(2) 

2.  The  presence  of  two  hydroxyl  groups  in  the  ditertiary  y  -silicon -containing  acetylenic  glycols  was 
demonstrated  by  the  preparation  of  their  acetyl  derivatives:  bis*(3-methylprop-l-yn-3-acetoxy)-dimethylsilane, 
bis-(3-methylpent-l-yn-3-acetoxy)-methylpropylsilane,  bis-(3,5-dimethylhex-l-yn-3-acetoxy)-dimethylsilane, 
bis-(3-methylhept-l-yn-3-acetoxy)-dimethylsilane,  and  bis-(3-methylhept-l-yn-3-acetoxy)-diethylsilane. 
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The  presence  of  cyclic  peptides  in  proteins  has  made  it  necessary  to  develop  new  analysis  methods  which  make 
possible  the  selective  destruction  of  a  peptide  chain  and  ring.  One  such  method  of  investigating  proteins  is  electro- 
reduction  on  a  mercury  cathode  [1]  under  mild  conditions  (5%  HCl,  15-20*),  which  makes  it  possible  to  determine 
the  presence  of  diketopiperazines  by  their  conversion  to  piperazines,  which  are  stable  to  hydrolysis. 

The  electroreduction  of  diketopiperazines  and  peptides  of  the  simplest  amino-acid  composition  (glycine, 
alanine,  valine,  leucine,  phenylalanine,  and  proline)  has  been  described  in  the  literature  up  to  now  [1,  2],  The 
presence  of  diketopiperazines  in  the  structure  of  silk  [3]  made  It  necessary  to  reduce  synthetic  models  of  them.  The 
following  mixed  anhydrides  were  reduced:  glycyl,  seryl,  alanyl  seryl,  and  glycyl  tyrosyl  and  also  the  simple  cyclic 
anhydrides  seryl  seryl  and  tyrosyl  tyrosyl. 

As  the  purpose  of  this  investigation  was  the  preparation  of  references  for  chromatography,  the  piperazines 
obtained  by  electroreduction  were  examined  by  paper  chromatography  and  electrophoresis  and  characteristic  deri¬ 
vatives,  namely  dipicrates,  were  prepared.  We  showed  that  the  electroreduction  of  diketopiperazines  by  Gavrilov 
and  Koperina's  method  forms  only  piperazines.  The  reduction  of  tyrosine  anhydride  to  the  piperazine  at  15-20*  and 
a  concentration  of  the  reduced  substance  of  0.05*^^  (100  mg  in  200  ml  of  b°h  HCl)  proceeded  quantitatively.  With 
an  increase  in  the  concentration  of  the  reduced  substance  to  0.1%  (100  mg  in  100  ml  of  5%  HCl)  at  15-25*,  in 
addition  to  2,5-di-p-hydroxybenzylpiperazine,  two  new  substances,  which  we  did  not  identify  (detected  chromato- 
graphically),were  formed. 

EXPERIMENTAL 

I.  Preparation  of  diketopiperazines.  Serine  anhydride  was  prepared  according  to  E.  Fischer’s  method  [4]  with 
slight  modification  from  6.5  g  of  the  hydrochloride  of  the  ethyl  ester  of  serine,  which  was  synthesized  by  Elliot's 
method  [5]  (m.p.  104-106*;  according  to  literature  data,  101-102  and  114*  [5,  6]).  The  serine  ester  was  heated  with 
3  ml  of  alcohol  for  1  hr.  The  anhydride  was  recrystallized  from  a  small  amount  of  hot  water.  The  product  weighed 
1.2  g  and  was  chromatographically  homogeneous  (R^  =  0.25).  The  homogeneity  of  the  anhydride  was  established 
by  chromatography  on  Leningrad  paper  "chromatograph  B"  with  a  density  of  85  in  the  solvent  system  n-butanol— 
water— acetic  acid  (4:  5:  1).  The  m.p.  was  260-266*.  According  to  literature  data;  for  the  cis-isomer  m.p.  226*, 
for  the  trans-isomer,  270-280*  [4]. 

Found  %:  N  15.65,  15.91.  C6H10O4N2.  Calculated  %:  N  16.09. 

Alanyl  seryl  anhydride  was  obtained  by  Bergmann's  method  [7]  from  the  ethyl  ester  of  carbobenzoxyalanyl- 
serine.  A  5.9-g  sample  of  the  ethyl  ester  of  carbobenzoxyalanylserine,  which  was  obtained  by  Boissonnas's  method 
[8]  from  5.35  g  of  carbobenzoxyalanine  and  4.05  g  of  the  hydrochloride  of  the  ethyl  ester  of  serine,  was  dissolved 
in  40  ml  of  alcohol;  3  ml  of  water,  2  ml  of  acetic  acid,  and  0.5  g  of  palladium  black  were  added  and  the  substance 
reduced  by  continuous  shaking  in  a  stream  of  hydrogen  until  CC)2  was  absent  from  the  emergent  hydrogen  (40  hr). 
After  the  reduction,  the  catalyst  was  removed  by  filtration.  The  filtrate,  i.e.,  an  alcohol  solution  of  the  acetate  of 
the  ethyl  ester  of  alanylserine,  was  heated  under  reflux  for  12  hours.  The  white  crystalline  precipitate  which  formed 
on  cooling  was  collected  and  recrystallized  from  hot  alcohol  and  then  from  hot  water.  The  weight  was  0.8  g.  The 
substance  was  chromatographically  homogeneous  and  had  R^  0.45  and  m.p.  224*;  according  to  literature  data:  m.p. 
228*  [9]. 
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Founder  N  17.81,  17.90.  C,HioO,N,.  Calculated  N  17.71. 

Glycyl  seryl  anhydride  was  obtained  by  the  procedure  described  above  for  alanyl  seryl  anhydride  from  5  g  of 
carbobenzoxyglycine  and  4.05  g  of  the  hydrochloride  of  the  ethyl  ester  of  serine.  Since  the  ethyl  ester  of  carbo- 
benzoxyglycylserine  is  sparingly  soluble  in  alcohol,  its  reduction  by  hydrogen  on  palladium  was  longer  than  that  of 
the  corresponding  ester  of  carbobenzoxyalanylserine  :  the  reduction  was  complete  in  64  hr.  The  alcohol  solution 
of  the  acetate  of  the  ester  of  glycylserine  was  heated  for  16  hr  instead  of  12  hr,  as  was  the  case  of  the  acetate  of  the 
ester  of  alanylserine.  Recrystallization  from  hot  water  yielded  0.4  g  of  product.  The  anhydride  was  chromatographic- 
ally  homogeneous  and  had  0.29  and  m.p.  22T  ;  according  to  literature  data:  220-227*  [9]. 

Found N  19.55,  19.67.  CjHjOjN,.  Calculated*^:  N  19.44. 

Glycyl  tyrosyl  anhydride  was  obtained  in  the  same  way  as  alanyl  seryl  anhydride  from  5  g  of  carbobenzoxyglycine 
and  6.5  g  of  the  hydrochloride  of  the  methyl  ester  of  tyrosine  [10].  The  methyl  ester  of  carbobenzoxyglycyltyrosine 
was  reduced  by  hydrogen  on  palladium  in  40  hr.  The  alcohol  solution  of  the  acetate  of  the  ester  of  glycyltyrosine 
was  heated  for  8  hr.  The  anhydride  obtained  in  this  way  was  recrystallized  from  hot  water  widi  the  addition  of  a  few 
drops  of  acetic  acid.  The  product  weighed  1.5  g  and  had  m.p.  284";  according  to  literature  data:  295*  [10].  It  was 
chromatographically  pure  and  R/  0.63. 

Found‘d:  N  12.51,  12.22.  CnHijO^Nj.  Calculated  7o:  N  12.72. 

Tyrosine  anhydride  was  synthesized  by  the  method  of  E.  Fischer  [10].  After  recrystallization  from  hot  ammonia 
solution,  the  anhydride  was  chromatographically  homogeneous  and  had  R^  0.77  and  m.p.  277-280*;  according  to 
literature  data:  277-280*  [10]. 

Found  N  8.48,  8.78.  CuHnO^N,.  Calculated  %:  N  8.58. 

II.  Electroreduction  of  diketopiperazines.  The  electroreduct  ion  of  the  anhydrides  was  carried  out  in  the 
apparatus  described  previously  [11]  with  a  rotating  mercury  cathode  in  a  mixture  of  hydrochloric  and  acetic  acids. 

The  volume  of  mercury  was  40-50  ml,  the  cathode  current  density  0.056  amp/cm*,  the  volume  of  the  cathode 
solution  200  ml,  the  temperature  of  the  cathode  liquid  15-20*,  and  the  hydrochloric  acid  concentration  5%.  The 
weight  of  the  substance  reduced  did  not  exceed  100  mg.  The  reduction  lasted  for  5-7  hr.  The  dc  voltage  was  120  v 
and  the  current  suength  5  amp.  Redistilled  hydrochloric  acid  was  used.  The  mercury  was  purified  and  redistilled 
in  vacuum.  The  piperazines  were  cluomatographed  with  the  following  solvent  systems: 

1)  n- Butanol- water— acetic  acid  in  the  ratios  of  4:  5:  1  or  5.0:  1.5:  3.5;  2)  pyridine— water— formic  acid  in 
the  ratio  5:  1.5:  3.5.  The  electrophoresis  was  carried  out  in  30*7°  acetic  acid  with  a  potential  gradient  of  6.1  v/cm. 

The  chromatograms  were  developed  with  benzidine  [12]. 

Electroreduction  of  serine  anhydride.  A  100- mg  sample  of  serine  anhydride  was  dissolved  in  30  ml  of  hot 
distilled  water  .and  then  50  ml  of  water,  80  ml  of  acetic  acid,  and  40  ml  of  20^  redistilled  HCl  were  added.  After 
the  reduction,  the  cathode  solution  was  evaporated  to  dryness  in  vacuum  on  a  water  bath  at  a  temperature  of  no 
higher  than  30*.  The  dry  residue  was  dissolved  in  a  small  amount  of  water  and  chromatographed.  Serine,  serine 
anhydride,  and  2,5-dihydroxymethylpiperazine  were  detected  on  a  chromatogram  and  an  electrophoregram.  Then 
10  ml  of  concentrated  hydrochloric  acid  was  added  to  the  aqueous  solution  of  the  dry  residue  and  the  solution 
heated  at  115-120*  on  a  glycerol  bath  for  24  lir.  The  hydrolyzate  was  evaporated  to  dryness  in  vacuum  and  dissolved 
in  10  ml  of  water.  Serine  and  2,5-dihydroxymethylpiperazine  [R^  =  0.64  in  pyridine,  0.07  in  butanol  (50:15:  35), 

V  =  3.17  cm/hr]  were  detected  on  a  chromatogram  and  electrophoregram  of  the  hydrolyzate. 

Preparation  of  dipicrate.  To  10  ml  of  an  aqueous  solution  of  the  hydrolyzate  of  the  reduced  serine  anhydride 
was  added  10  ml  of  a  saturated  aqueous  solution  of  picric  acid  and  the  mixture  heated  to  boiling.  The  fine,  bright 
yellow  crystals  which  precipitated  on  cooling  were  collected,  washed  with  water,  alcohol,  and  ether,  and  recrystalli¬ 
zed  from  hot  water.  The  weight  of  the  chromatographically  and  electrophoretically  pure  dipicrate  of  2,5-dihydroxy¬ 
methylpiperazine  was  90  mg.  The  dipicrate  darkened  at  200*  and  melted  at  250*  (with  strong  decomposition). 

Found‘d:  C  35.60,  35.80;  H  3.55,  3.16;  N  18.41,  18.26.  CnH„OieN,.  Calculated*^:  C  35.76;  H  3.33; 

N  18.54. 
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Electroreduction  of  Rlycyl  seryl  anhydride.  A  100-tng  sample  of  the  anhydride  was  reduced  in  the  same  way  as 
serine  anhydride.  A  chromatogram  of  the  cathode  liquid  before  hydrolysis  showed  glycine,  serine,  glycyl  seryl 
anhydride  (traces),  and  2-hydroxymethylpiperazine.  A  chromatogram  of  the  hydrolyzate  of  the  cathode  liquid  (the 
hydrolysis  conditions  were  given  above  and  the  hydrolysis  time  was  10  hr)  showed  glycine,  serine,  and  2-hydroxy¬ 
methylpiperazine  (Rf  =  0,54  in  pyridine,  v  =  3.62  cm/hr). 

The  dipicrate  of  2-hydroxymethylpiperazine  was  obtained  by  the  method  described  above.  The  addition  of 
picric  acid  to  an  aqueous  solution  of  the  hydrolyzate  of  reduced  glycyl  seryl  anhydride  immediately  precipitated 
lustrous  light  yellow  crystals  (platelets).  The  weight  of  the  chromatographically  and  electrophoretically  homo¬ 
geneous  dipicrate  of  2-hydroxymethylpiperazine  was  108  mg.  The  dipicrate  darkened  at  230*  and  melted  at  3icr 
(strong  decomposition). 

Found‘d;  C  35.49,  35.60;  H  3.28,  3.22;  N  19.47,  19.52.  Ci7Hi,0«N,.  Calculated‘S;  C  35.54;  H  3.16; 

N  19.51. 

Electroreduction  of  alanyl  seryl  anhydride.  A  100-mg  sample  of  the  substance  was  reduced  by  the  method 
described  above.  A  chromatogram  and  electrophoregram  of  the  cathode  liquid  before  hydrolysis  showed  serine, 
alanine,  alanyl  seryl  anhydride  (traces),  and  2-methyl-5-hydroxymethylpiperazine.  After  hydrolysis  (10  hr), 
serine,  alanine  and  2-methyl-5-hydroxymethylpiperazine  (R^  =  0.68  in  pyridine,  v  =  3.38  cm/  hr)  were  detected 
(table). 


«/  1 

Piperazines 

50:  15:  35 
pyridine  — 
water  — 
HCOOH 

n -Butanol—  | 

water- 

CHjC(X)H 

V  (cm/hr) 

2,5-Dihydroxymethylpiperazine 

2-Hydroxymethylpiperazine 

2  -M  ethyl-5  -hyaroxymethylpiperazine 
2-p-Hydroxybenzylpiperazine 

2 ,5  -D  i-p  -hydroxyoenz  y  Iplperaz  ine 

0.64 

0..V. 

0.6S 

0.79 

0.07  (5.0: 1.5: 3.5) 

0.49(4:5: 1) 

3.17 

3.62 

3.38 

2.40 

1.40 

The  dipicrate  of  2 -methyl-5 -hydroxymethylpiperazine  was  obtained  in  the  same  way  as  that  of  2-hydroxy¬ 
methylpiperazine.  Fine.bright  yellow  crystals  formed  immediately  after  picric  acid  was  added  to  an  aqueous  solution 
of  the  hydrolyzate  of  reduced  alanyl  seryl  anhydride  without  heating.  They  had  m.p.  315*  and  darkened  at  220* ; 
the  weight  was  130  mg. 

Found  %:  C  37.28,  37.31;  H  3.55,  3.73;  N  19.11,  18.96.  CnHioOigN,.  Calculated  “S:  C  36.74;  H  3.42; 

N  19.05. 

Electroreduction  of  glycyl  tyrosyl  anhydride.  A  100-mg  sample  of  the  anhydride  was  reduced  by  the  method 
described  above.  Chromatograms  and  electrophoregrams  of  the  cathode  liquid  before  hydrolysis  showed  glycyl  tyrosyl 
anhydride  (traces)  and  2-p-hydroxybenzylpiperazine.  A^ter  hydrolysis  (24  hr),  glycine,  tyrosine,  and  2-hydroxy- 
benzylpiperazine  (R^  =  0.79  in  pyridine,  v  =  2.40  cm/hr)  were  detected. 

The  dipicrate  of  2-p-hydroxybenzylpiperazine  was  isolated  by  the  method  described  for  2,5-dihydroxymethyl- 
piperazine.  An  emulsion  formed  immediately  after  the  addition  of  picric  acid  solution  to  an  aqueous  solution  of 
2-hydroxybenzylpiperazine  and  this  coagulated  on  heating.  The  orange-yellow  precipitate  was  collected  and  re¬ 
crystallized  from  a  mixture  of  water  and  acetic  acid  with  heating.  The  dipicrate  vas  chromatographically  and 
electrophoretically  homogeneous.  It  had  m.p.  247*  (strong  decomposition)  and  darlened  at  220*. 

Found ‘yo:  C  42.27,  42.50;  H  3.60,  3.51;  N  17.29,  17.03,  CaHaOuN,.  Calculated*^:  C  42.47;  H  3.41; 

N  17.22. 

Electroreduction  of  tyrosine  anhydride.  A  100-mg  sample  of  the  anhydride  was  reduced  by  the  method 
described  above.  A  chromatogram  and  electrophoregram  of  the  cathode  liquid  before  hydrolysis  showed  the  presence 
of  the  anhydride  (traces)  and  2,5-di-p-hydroxybenzylpiperazine.  After  hydrolysis  (60  hr),  tyrosine  and  2,5-di-p-hydroxy- 
benzylpiperazine  [R/  =  0.49  in  butanol  (4:5:  1),  v  =  1.40  cm/ hr  ]  were  detected. 
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The  dlpicrate  of  2.5'’dl-p>hydiroxybenzylpiperazine  was  obtained  in  the  same  way  as  the  dipicrate  of 
2-p**hydroxybenzylpiperazine.  The  yellow  precipitate  was  washed  with  water,  a  mixture  of  water  and  acetic  acid, 
and  again  with  water  and  recrystallized  from  a  mixture  of  water  and  acetic  acid  (2:  1)  with  heating.  It  had  m.p. 
280*  (strong  decomposition). 

Found  C  47.80,  47.30,  H  3.81,  3.90;  N  14.98,  14.83.  C,|HhOuN|.  Calculated  C  47.62;  H  3.73; 

N  14.81. 

SUMMARY 

The  electroreduction  of  serine,  glycyl  seryl,  alanyl  seryl,  glycyl  tyrosyl  and  tyrosine  anhydridrs  was  invest!' 
gated.  It  was  shown  that  the  elecuoreduction  of  these  diketopiperazines  on  a  mercury  cathode  forms  only  pipera- 
zines'.and  the  values  on  a  chromatogram  and  rates  of  movement  v  on  the  electrophoregram  of  the  latter  were 
found. 
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It  was  shown  previously  [1]  that  glycolic  esters  of  benzoyl-  and  carbobenzoxy-D^-amino  acids  react  with 
esters  of  DX~amino  acids  in  the  presence  of  chymotrypsin  with  the  formation  of  esters  of  benzoyl-  and  carbobenzoxy- 
L-peptldes.  To  study  this  reaction,  we  synthesized  glycolic  esters  of  benzoyl -D4> 'leucine,  DJ. -valine,  and 
D,L-alanine  and  carbobenzoxy-DJ.-  and  D-  and  L -phenylalanine  and  carbobenzoxy-D4< 'leucine. 

The  glycolic  esters  of  the  benzoylamino  acids  were  prepared  from  the  corresponding  oxazolones  by  heating 
in  ether  with  glycolic  acid. 


CO  R-CM-CO-O-CHa-COOH 

!  I  -I-  lIOCHa-COOI!  | 

N  o  NllCOCeHs 

/ 

C-C,.H5 


The  glycolic  esters  of  carbobenzoxyamino  acids  were  prepared  by  the  mixed  anhydride  method.  The  use  of 
this  method  for  the  synthesis  of  derivatives  of  0  -hydroxyamino  acids  was  described  previously  [2-5]. 

R-NHCH— COOH  +  R-COCl  +  (C2H5)3N  — *  RNIIClI(R')C0-0-C0R'' 

I 

R' 

RNnCH(R')— CO— OCOR''  +  R"'CH(OH)CH(NHR)COOH  — ► 

(I)  (H) 

— *>  RNHCH(R')CO— 0— CH(R"')— CH(NHR)COOH 

R  =  C,H.CO.  (C,H,CH,)„  (C,H,),C,  C.H,CH,CO,:  R"  =  OC,H„  C,H,CO.  Cl;  R'"  =  H,  CH,. 

An  essential  point  in  the  synthesis  is  the  choice  of  the  most  suitable  conditions  for  the  reaction  of  the  mixed 
anhydrides  [1]  with  the  second  "alcohol*  component,  in  particular,  with  glycolic  acid.  The  optimal  synthesis 
conditions  were  found  to  consist  of  preparing  the  mixed  anhydrides  of  acylated  amino  acids  with  chlorocarbonic 
ester  in  a  ratio  of  1:  1  in  the  presence  of  1  mole  of  triethylamine  for  8  min  at-8*  in  chloroform,  methylene  chloride, 
or  tetrahydrofuran.  Then  1.2  mole  of  glycolic  acid  was  added  in  one  portion  at— 12*.  As  the  reaction  with  the 
hydroxyl  group  proceeded  slowly,  it  was  advantageous  to  leave  the  mixture  overnight  at  25*. 

The  synthesis  of  peptides  through  mixed  anhydrides  of  amino  acids  is  always  accompanied  by  side  reactions. 

The  reaction  of  mixed  anhydrides  with  the  hydroxyl  group  of  low  activity  was  sometimes  accompanied  by  the 
formation  of  considerable  amounts  of  neutral  compounds,  which  gave  a  hydroxamic  acid  reaction  and  were  hydrolyzed 
by  0.01  N  alkali  on  heating.  These  compounds  could  be  separated  comparatively  readily  by  washing  the  triethyl¬ 
amine  salt  of  the  glycolic  ester  of  the  carbobenzoxyamino  acid  with  absolute  ether.  The  glycolic  esters  of  benzoyl¬ 
amino  acids  were  crystalline  compounds,  while  the  glycolic  esters  of  carbobenzoxyamino  acids  were  colorless 
vitreous  oils.  The  compounds  synthesized  (which  have  not  been  described  in  the  literature)  and  their  yields  and 
constants  are  given  below. 
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Name  (glycolic  esters) 


Yield  I  Melting 
{’to)  point 


Benzoyl -D  4^ -phenylalanine 
B  enzoyl“D  ^  -leucine 
Benzoyl-DJ* -valine 
B  enzoyl-D  ,L  -alanine 
Carbooenzoxy-D  4^ -phenylalanine 
Carbobenzoxy-D  4* -leucine 
Carbobenzoxy-L -phenylalanine 
Carbobenzoxy-D-phenylalanine 
Carbobenzoxy(0-benzoyl)-L-tyrosine 

•From  aqueous  alcohol. 

EXPERIMENTAL 

Glycolic  ester  of  benzoyl-D,L -leucine.  An  ether  solution  of  2-phenyl-4-isobutyl-5-oxazolone  (from  8.3  g  of 
benzoyl-D 4^-1600106)  and  3.4  g  of  glycolic  acid  was  heated  for  4  hr  on  a  water  bath  and  left  for  12  hr  at  20*.  The  ether 
was  removed  in  vacuum  and  the  residual  oil  triturated  with  water.  The  yield  of  the  glycolic  ester  of  benzoyl -04^- 
leucine  was  7.7  g. 

Found  C  61.44,  61.44;  H  6.52,  6.51;  N  4.90,  4.88.  CisHisOjN.  Calculated  ‘7o:  C  61.44;  H  6.48;  N  4.77. 

The  glycolic  ester  of  benzoyl -D  4^ -valine  was  obtained  from  2.21  g  of  benzoyl -D  4*  "Va line  and  1  g  of  glycolic 
acid.  The  yield  was  1.9  g. 

Found  C  60.54,  60.49;  H  6.29,  6.23;  N  5.02,  5.37.  C14H17O5N.  Calculated  %  C  60.22;  H  6.09;  N  5.02. 

The  Rlycolic  ester  of  benzoyl-D 4^ -alanine  was  obtained  from  1  g  of  benzoyl-D,L-alanine  and  0.57  g  of  glycolic 
acid.  The  yield  was  0.9  g. 

Found  ^o:  C  57.39,  57.47;  H  5.30,  5.39;  N  5.75,  5.65.  CuHijOgN.  Calculated*^:  C  57.39;  H  5.17;  N  5.78. 

The  glycolic  ester  of  carbobenzoxy-D,L -phenylalanine.  A  cooled  solution  of  1.4  ml  of  chlorocarbonic  ester  in 
2  ml  of  anhydrous  chloroform  was  added  with  stirring  to  a  solution  of  4.4  g  of  carbobenzoxyphenylalanine  and  2.2  ml 
of  anhydrous  triethylamine  in  30  ml  of  anhydrous  chloroform  at— 8*.  The  mixture  was  stirred  for  8  min  at— 8*  and 
then  a  solution  of  1.35  g  of  glycolic  acid  and  2.64  ml  of  triethylamine  in  30  ml  of  anhydrous  chloroform  added  in  one 
portion.  The  mixture  was  left  for  12  hr  in  a  thermostat  at  25*.  The  solution  was  evaporated  in  vacuum  and  the  residue, 
which  consisted  of  a  mixture  of  crystals  and  oil,  was  triturated  repeatedly  with  absolute  ether  for  the  removal  of  high- 
molecular  impurities  and  then  dissolved  in  chloroform  and  the  chloroform  solution  washed  with  5  N  HCl  and  several 
times  with  water  and  evaporated  in  vacuum.  The  glycolic  ester  of  carbobenzoxy-D,L -phenylalanine  was  obtained  as 
a  clear,  colorless  oil,  which  was  repeatedly  evaporated  with  anhydrous  benzene  and  left  in  a  vacuum  desiccator  over 
P1O5.  The  yield  was  4.5  g  and  the  product  was  soluble  in  organic  solvents,  slightly  soluble  in  hot  water,  and  insoluble 
in  cold  water.  Methylene  chloride  and  dioxane  could  be  used  as  reaction  solvents. 

Found‘d:  G  63.79;  H  5.75.  CigHigOgN.  Calculated  C  63.86;  H  5.32. 

Determination  of  ester  group.  The  glycolic  ester  of  carbobenzoxy-D 4- -phenylalanine  was  dissolved  in  2  ml  of 
alcohol  and  titrated  with  0.01  N  NaOH.  Excess  0.01  N  NaOH  was  added  and  the  mixture  left  for  24  hr  at  ~20".  The 
excess  alkali  was  titrated  with  0.01  N  sulfuric  acid. 

A  0.0109-g  sample  of  the  substance  required  3.2  ml  of  0.01  N  NaOH  for  titration  and  3.2  ml  for  hydrolysis;  a 
0.0156-g  sample  of  substance  required  4.23  ml  of  0.01  N  NaOH  for  titration  and  4.28  ml  for  hydrolysis.  Equiv.  found 
340.6,  368.  CigHigOgN.  Equiv.  calculated  357. 

The  glycolic  ester  of  carbobenzoxy-D -phenylalanine  was  prepared  from  0.5  g  of  carbobenzoxy-D-phenylalanine. 
The  yield  was  0.45  g  and  the  substance  consisted  of  a  clear,  colorless  oil. 

Equiv.  found  383.  CijHijOjN.  Equiv.  calculated  357. 

The  glycolic  ester  of  carbobenzoxy-L -phenylalanine  was  prepared  from  0.5  g  of  carbobenzoxy-L -phenylalanine. 
The  yield  was  0.45  g. 
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80—82®  • 

77 

137—138* 

70 

130.5—131.5  • 

70 

113.5-114.5  • 

85 

— 

83 

— 

77 

— 

77 

— 

89.3 

— 

Equiv.  found  385.  Ci9H^90sN.  Equiv.  calculated  357. 


Glycolic  ester  of  carbobenzoxy-DJ. -leucine.  A  mixed  anhydride  was  prepared  from  1  g  of  carbobenzoxy- 
D4.-leucine  and  0.53  ml  of  triethylamine  in  7  ml  of  chloroform  at— 12*, and  after  8  min  0.43  g  of  glycolic  acid  and 
0.8  ml  of  triethylamine  in  10  ml  of  chloroform  were  added  at— 10  to— 12*.  The  yield  was  1  g  and  the  substance  was 
a  colorless  oil,  which  was  soluble  in  organic  solvents  and  insoluble  in  water. 

Found  C  58.09,  58.16;  H  6.48  ,  6.62.  Equiv.  327.  CwHaOiN^^HjO.  Calculated  *>»:  C  57.82;  H  6.64, 

Equiv.  323. 

Glycolic  ester  of  O -benzoyl -N-carbobenzoxy-L -tyrosine* .  To  0.5  g  of  O -benzoyl -N-carbobenzoxy-L -tyrosine 
and  0.167  ml  of  anhydrous  triethylamine  in  7  ml  of  anhydrous  chloroform  was  added  0.115  ml  of  cooled  chloro- 
carbonic  ester  at— 8*  and  after  8  min,  0.138  g  of  glycolic  acid  and  0.25  ml  of  triethylamine  in  7  ml  of  chloroform. 

The  reaction  mixture  was  kept  at  30*  for  5  min  and  at  ~20*  for  12  hr.  After  evaporation  of  the  chloroform  in  vacuum, 
the  residue  was  repeatedly  triturated  with  absolute  ether,  redissolved  in  chloroform,  and  washed  with  2  N  HCl  and 
water.  After  evaporation  of  the  solution,  the  residue  was  dried  by  repeated  evaporation  of  the  water  with  benzene. 

The  residual  oil  was  converted  into  an  amorphous,  very  hygroscopic  powder  by  trituration  with  ligroin.  The  yield  was 
0.5  g  (89.3%). 

Found  %:  C  62.54,  62.67;  H  5.2,  5.28.  Equiv,  468.  •  2H,0.  Calculated  %;  C  62.51;  H  5.05. 

Equiv.  463.4. 

SUMMARY 

The  synthesis  of  glycolic  esters  of  benzoyl-  and  carbobenzoxyamino  acids  is  described. 
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As  already  reported  [1,  2],  ethoxyacetylene  may  be  used  for  the  cyclization  of  peptides  [3].  The  cyclization 
was  carried  out  in  aqueous  methanol  (concentration  froml.2  to2.5mmole/liter)  in  the  presence  of  excess  ethoxy¬ 
acetylene.  The  cyclopeptides  obtained  by  this  method  are  given  in  the  table,  which  shows  that  cyclization  occurred 
yields  of  up  to  48^.  The  cyclization  temperature  and  reaction  time  had  a  substantial  effect  on  the  yield.  A  rise 
temperature  increased  the  yield  and  simultaneously  decreased  the  reaction  time  (No.  1). 


Compound 

Starting  peptide 

Solution 

Ethoxyacetylene 

Reaction 

Temperature 

Cyclopeptide 

No. 

concen- 

excess 

time 

yield  Clo) 

tration 

(mmole/ 

liter) 

1 

G  lycylleucylglycyl- 

(  a)  2 

20-fold  ( 

1  week 

20* 

[  11.2 

glycylleucyl- 

\ 

i 

3  hr 

40-45 

) 

glycine  [1] 

{  b)  1.7 

The  same  | 

12  hr 

12  hr 

60-70 

20 

27.4 

2 

G  lycylphenylalanyl- 

glycylglycylphenyl- 
alanylglycine  [2] 

)  2 

The  same 

1  month 

20 

48.5 

3 

Glycyl-e  -N-tosyl- 

/  a)  1.2 

30 -fold  ( 

10  hr 

60-70 

(  24 

lysylglycylglycyl- 

} 

10  days 

20 

c  -N-tosyllysyl- 

i  ' 

\ 

12  hr 

60-70 

(  29.2 

glycine 

(  b)  1.2  j 

10 -fold  1 

24  hr 

20 

4 

Glycyl-€  -N-tosyl- 

2.4 

4- fold 

10  days 

20 

15.8 

lysylglycine 

5 

Valyl-€  -N-tosyl- 

1.8 

10 -fold  \ 

10  hr 

60-70 

1  20.2 

lysylleucylvalyl- 
€  -N-tosyllysyl- 
leucine* 

} 

12  hr 

20 

6 

G  lycylleucylglycyl- 

(  a)  2.35 

20 -fold 

15  days 

20 

24.6 

leucine* 

1 

12  hr 

60-70 

[  36.9 

(  b)1.8 

4. 5- fold  j 

24  hr 

20 

*  A  detailed  description  of  the  cyclization  of  these  peptides  will  be  published  later. 


If  the  reaction  time  was  increased,  cyclization  proceeded  in  good  yield  without  heating  at  room  temperature  (No.  2). 
If  the  reaction  mixture  was  heated  at  the  beginning  of  the  reaction,  the  subsequent  storage  time  at  room  temperature 
did  not  affect  the  cyclopeptide  yield  (No.  3).  In  exactly  the  same  way,  the  excess  of  ethoxyacetylene  used  for  the 
reaction  did  not  affect  the  yield  (Nos.  3  and  6).  When  the  tripeptide  glycyl-c  -N -tosylglycylglycine  was  used  for 
the  reaction,  it  was  impossible  to  obtain  the  corresponding  cyclotripeptide:  Dimerizationof  the  tripeptide  molecule 
occurred  during  the  reaction  and  the  corresponding  cyclohexapeptide  was  formed, and  this  agrees  completely  with 
the  results  we  obtained  previously  [2]  and  with  literature  data  [4]. 
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It  should  be  noted  that  with  the  use  of  ethoxyacetylene,  the  separation  of  the  mixture  of  substances  obtained 
after  the  reaction  presented  no  difficulties  as  the  by-product  of  the  reaction  was  ethyl  acetate.  For  separation  of  the 
cyclopeptide  obtained  from  the  starting  linear  peptide  it  was  convenient  to  use  preparative  electrophoresis  on  cellulose 
powder  [5].  This  method  is  simpler  than  the  methods  usually  used  for  isolation  and  purification  (countercurrent  distri¬ 
bution  and  chromatography  on  ion-exchange  resins). 

EXPERIMENTAL 

€  -N  -Tosyllysine  was  obtained  by  the  method  proposed  for  the  preparation  of  6 -carbobenzoxy-L -ornithine  [6]. 

A  boiling  solution  of  9  g  (0.05  mole)  of  lysine  monohydrochloride  in  75  ml  of  water  was  saturated  with  copper  car¬ 
bonate.  The  excess  copper  carbonate  was  removed  by  filtration  after  the  solution  had  cooled.  The  filtrate  was 
cooled  to  0*  and  stirred  while  50  ml  of  2  N  NaOH  (0.1  mole)  and  a  solution  of  9.5  g  (0.05  mole)  of  p-toluenesulfonyl 
chloride  in  100  ml  of  acetone  were  added  dropwise.  Stirring  was  continued  for  a  further  2  hr  at  0*  and  3  hr  at  --20*. 
The  blue  precipitate  of  the  copper  complex  of  e  -N -tosyllysine  was  collected,  washed  with  water  and  methanol,  and 
dried  in  air.  The  dry  powder  was  suspended  in  200  ml  of  water  and  hydrogen  sulfide  passed  into  the  suspension  for 
3  hr  and  then  the  flask  with  the  reaction  mixture  left  overnight.  The  suspension  was  boiled  for  3-5  min  and  the 
copper  sulfide  precipitate  separated  on  a  hot  filter  funnel.  The  tosyllysine  precipitated  when  the  filtrate  was  cooled. 
We  obtained  10.4  g  (69.3*70).  After  recrystallization  from  ethanol,  the  substance  had  m.p.  217-219*. 

Found  *70;  N  9.59,  9.20.  C18H20O4N2S.  Calculated  *70:  N  9.33. 

Hydrochloride  of  the  methyl  ester  of  €  -N  -tosyllysine.  A  suspension  of  8  g  of  6  -N  -tosyllysine  in  80  ml  of 
anhydrous  chloroform  was  saturated  with  dry  hydrogen  chloride.  After  saturation,  the  solution  was  filtered  and  evap¬ 
orated  to  dryness  in  vacuum.  The  residue  was  dried  over  alkali  in  a  vacuum  desiccator.  We  obtained  9  g  (96.7 ‘7>) 
and  the  product  had  m.p.  146-147".  The  substance  was  chromatographically  homogeneous:  0.65  (in  the  system 

1-butanol:  water:  acetic  acidr4:  5:  1)*. 

Found  *7o:  Cl  9.8.  CUH2SO4N2SCI.  Calculated  “T*:  Cl  10.1. 

Methyl  ester  of  cbz*  *  -glycyl-e  -N -tosyllysine.  A  4.35- g  sample  (0.021  mole)  of  cbz -glycine  and  7.3  g  (0.021 
mole) of  the  hydrochloride  of  the  methyl  ester  of  «  -N -tosyllysine  were  coupled  by  the  method  in  [7]  in  120  ml  of 
anhydrous  chloroform  in  the  presence  of  2.4  ml  (0.025  mole)  of  ethyl  chlorocarbonate  and  6.35  ml  (0.0458  mole) 
of  triethylamine.  The  normal  treatment  of  the  reaction  mixture  gave  9.7  g  (92.3*7*)  of  the  ester  as  a  colorless  oil, 
whose  purity  was  checked  by  paper  electrophoresis  [8]  and  which  was  then  hydrolyzed  without  further  treatment. 

Cbz-glycyl-€  -N -tosyllysine.  To  a  solution  of  13.7  g  (0.027  mole)  of  the  methyl  ester  of  cbz-glycyl-€  -N- 
tosyllysine  in  60  ml  of  methanol  was  added  38  ml  (0.038  mole)  of  1  N  NaOH  and  the  reaction  mixture  left  at  ~20*. 
After  2.5  hr,  the  solution  was  diluted  with  an  equal  volume  of  water,  filtered  and  acidified  to  Congo  with  2  N  HCl. 
The  oil  which  separated  crystallized  on  prolonged  standing.  We  obtained  11.3  g  (85.6*7>)  of  product  with  m.p.  135- 
136*.  After  reprecipitation  from  ethanol  with  water,  the  product  had  m.p.  139-140*. 

Found:  equiv.  497,  501.  C23H29OTN5S.  Calculated:  equiv.  492. 

Methyl  ester  of  cbz-glycyl-  £  -N-tosyllysylglycine.  A  5.9-g  sample  (0.012  mole)  of  cbz-glycyl-€  -N -tosyl¬ 
lysine  was  dissolved  in  30  ml  of  dioxane  at  40-50*.  The  solution  was  cooled  to  ~ 20*. and  1.1  g  (0.012  mole)  of  the 
methyl  ester  of  glycine  and  3  g  (0.04  mole)  of  dicyclohexylcarbodiimide  were  added  to  it  [9].  The  reaction  mixture 
was  left  for  a  day  at~20".  The  precipitate  of  dicyclohexylurea  was  removed  by  filtration  and  washed  with  dioxane. 
The  filtrate  and  wash  solutions  were  evaporated  to  dryness  in  vacuum.  The  residue  was  dissolved  in  chloroform  and 
the  chloroform  solution  washed  with  1  N  HCl,  3*7>NaHC08  solution,  and  water,  dried  over  baked  sodium  sulfate,  and 
evaporated  in  vacuum.  The  residual  oil  crystallized  on  standing  with  ether.  We  obtained  5.5  g  (81.6*7>)  of  product. 
After  reprecipitation  from  ethanol  with  water,  the  product  had  m.p.  127-129*. 

Found  *7>:  C  55.13;  H  6.48;  N  9.68.  C2eHj4p,N4S.  Calculated  *7>:  C  55.52;  H  6.05;  N  9.96. 

Cbz -glycyl-  e  -N  -tosyllysylglycine.  To  a  solution  of  4.65  g  (0.0082  mole)  of  the  methyl  ester  of  cbz-glycyl- 
€  -N-tosyllysylglycine  in  40  ml  of  methanol  was  added  11.5  ml  (0.0115  mole)  1  N  NaOH  and  the  reaction  mixture 


"All  the  R^  values  given  below  were  determined  with  the  same  solvent  system  (ascending  chromatography). 
•  *  Cbz  represents  carbobenzoxy. 
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left  at  ~20*.  After  2.5  hr,  the  solution  was  diluted  with  water,  filtered,  and  acidified  to  Congo  with  5  N  HCl.  The 
oil  which  separated  crystallized  on  standing.  We  obtained  4.1  g  (91.37o)  of  product  with  m.p.  140-142*. 

Found:  equiv.  548.8.  C26H8jO|N4S.  Calculated:  equiv.  548. 

Hydrochloride  of  methyl  ester  of  glycyl-g  -N -tosyllysylRlyclne.  To  a  solution  of  3  g  of  the  methyl  ester  of  the 
ebz -tripeptide  in  60  ml  of  methanol  was  added  5.3  ml  of  1  N  HCl  and  the  mixture  hydrogenated  in  the  presence  of 
palladium  black.  After  reduction,  the  solution  was  separated  from  the  catalyst  and  evaporated  In  vacuum.  The 
residue  was  dried  by  vacuum  distillation  with  anhydrous  ethanol.  Crystallization  from  a  mixture  of  alcohol  and 
ether  yielded  2.1  g  (85.3*^^)  of  substance  with  m.p.  198-199*  (with  decomp.);  it  was  chromatographically  homo¬ 
geneous:  0.64. 

Methyl  ester  of  cbz-glycyl-t-N-tosyllysylglycylglycyl-c-N-tosyllysylglycine.  A  2-g  sample  (0.0036  mole) 
of  cbz-glycyl-«  -N -tosyllysylglyclne  was  coupled  with  1.8  g  (0.0036  mole)  of  the  hydrochloride  of  the  methyl  ester  of 
glycyl-e  -N -tosyllysylglyclne  in  40  ml  of  anhydrous  chloroform  in  the  presence  of  0.4  ml  (0.0043  mole)  of  ethyl 
chlorocarbonate  and  1.2  ml  (0.0086  mole)  of  triethylamine.  The  reaction  mixture,  which  was  kept  at  ~2Cr  for  12 
hr,  was  a  gelatinous  mass,  which  was  diluted  with  ethyl  acetate  before  treatment.  The  chloroform -ethyl  acetate 
solution  was  treated  in  the  usual  way.  The  oil  obtained  crystallized  when  treated  with  a  mixture  of  ether  and 
acetone.  We  Isolated  3  g  (86.97i>)  of  product  with  m.p.  92-94*.  The  substance  was  electrophoretically  homogeneous. 

Found  70:  C  53.22,  53.37;  H  6.65,  6.68.  C43H580i3NgS2  •  VjHjO.  Calculated  7o:  C  53.35;  H  6.10. 

Cbz-Rlycyl-€  -N-tosyllysylglycylglycyl-c  -N -tosyllysylglyclne.  To  a  solution  of  3  g  (0.0031  mole)  of  the 
methyl  ester  of  the  ebz-hexapeptide  in  30  ml  of  methanol  was  added  4.3  ml  of  1  N  NaOH  and  the  reaction  mixture 
left  at  ~20*  for  8  hr.  The  solution  was  filtered  and  acidified  to  Congo  with  2  N  HCl;  the  methanol  was  removed 
In  vacuum.  The  residual  oil  was  dissolved  in  anhydrous  ethanol  and  the  solution  evaporated  to  dryness  in  vacuum. 

The  residue  was  treated  several  times  with  anhydrous  ethanol  and  acetone  with  the  solvents  removed  in  vacuum  each 
time.  We  obtained  2.5  g  (85.37«>)  of  a  dry,  amorphous,  foamy  substance;  it  was  electrophoretically  homogeneous. 

Found  7o:  N  11.52,  11.52;  equiv.  984.  CgzHgeOuNgS^.  Calculated  7o:  N  11.87;  equiv.  944. 

Glycyl-€  -N-tosyllysylglycylglycyl-€  -N -tosyllysylglycine.  To  a  solution  2.65  g  of  the  ebz-hexapeptide  in 
100  ml  of  methanol  was  added  0.18  ml  of  glacial  acetic  acid  and  the  mixture  hydrogenated  in  the  presence  of 
palladium  black.  The  free  hexapeptide  formed  precipitated.  After  the  hydrogenation  the  suspension  was  diluted  with 
boiling  water,  the  catalyst  removed  by  filtration,  and  the  solution  evaporated  to  dryness  in  vacuum.  The  residue  was 
treated  several  times  with  anhydrous  ethanol  and  acetone.  The  foamy  mass  obtained  was  treated  again  with  alcohol 
and  the  precipitate  collected.  We  isolated  1.75  g  (77.l7o)  of  a  substance  with  m.p.  195-200*  (decomp.).  The 
melting  point  did  not  change  after  the  hexapeptide  had  been  reprecipitated  from  water  with  ethanol.  The  substance 
was  electrophoretically  and  chromatographically  homogeneous:  0.55. 

Found  7o:  C  50.36,  50.29;  H  6.37,  6.33;  N  13.40.  C34H5oOiiNgS2.  Calculated  7):  C  50.37;  H  6.17;  N  13.82. 

CycloRlycyl-t  -N-tosyllysylglycylglycyl-e  -N -tosyllysylglyclne.  A)  To  a  solution  of  250  mg  of  the  hexapep¬ 
tide  in  25  ml  of  water  were  added  225  ml  of  methanol  and  1  ml  of  ethoxyacetylene.  The  reaction  mixture  was  stirred 
for  10  hr  at  60-70*  and  then  kept  at  ~20*  for  ten  days.  The  solvent  was  removed  in  vacuum  and  the  residue  subjected 
to  preparative  electrophoresis  on  cellulose  powder  [5].  As  a  result  we  isolated  60  mg  (  247o)  of  a  substance  which 
charred  above  350*  and  was  insoluble  in  most  organic  solvents.  The  cyclopeptide  was  chromatographically  homo¬ 
geneous.  It  had  R  ^  0.84  (ascending  chromatography  in  the  system  1-butanol:  water:  acetic  acid,  4:  5:  1). 

Found  7o:  C  50.77,  50.78;  H  6.32,  6.24;  N  13.99,  13.91.  Cj4H4gOioNgS2  •  VjHjO .  Calculated  7o:  C  50.94; 

H  6.12;  N  13.98. 

Partial  hydrolysis.  A  mixture  of  5  mg  of  cycloglycyl-e  -N -tosyllysylglycylglycyl-e  -N -tosyllysylglycine 
and  0.5  ml  of  l/l5  N  LiOH  was  boiled  for  1  hr  [10].  The  starting  hexapeptide  was  detected  in  the  hydrolyzate  by  paper 
electrophoresis. 

B)  A  500-mg  sample  of  glycyl-e  -N -tosyllysylglycylglycyl-e -N- tosyllysylglycine  was  dissolved  in  a  mixture  of 
50  ml  of  water  and  450  ml  of  methanol  with  heating  and  stirring.  The  solution  was  cooled  to  ~20’  and  0.55  ml  of 
ethoxyacetylene  added  to  it.  The  reaction  mixture  was  left  overnight  at  ~20*,  then  stirred  at  60-70*  for  12  hr,  and 
again  left  overnight  at~20*.  The  solvent  was  then  removed  in  vacuum  and  the  residue  subjected  to  preparative 
electrophoresis  on  cellulose  jxjwder  to  yield  146  mg  (29.27o)  of  cycloglycyl-€-N-tosyllysylglycylglycyl-c-N -tosyl¬ 
lysylglycine. 
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C)  To  a  solution  of  100  mg  of  the  tiipeptide  glycyl-c  -N-tosyllysylglyclne  In  a  mixture  of  26  ml  of  water  and 
70  ml  of  methanol  was  added  0.1  ml  of  ethoxyacetylene  and  the  reaction  mixture  kept  at  ~20*  for  ten  days.  The 
solvent  was  then  removed  in  vacuum  and  the  residue  subjected  to  preparative  electrophoresis  on  cellulose  powder. 

We  obtained  15  mgflS.a*!^)  of  cycloglycyl-€-N-tosyllysylglycylglycyl-€  -N -tosyllysylglycine,  which  was  identical 
in  properties  with  the  cyclopeptide  described  in  "A*,  and  70  mg  of  a  mixture  of  the  starting  tripeptide  and  the 
corresponding  hexapeptlde. 

SUMMARY 

The  cyclization  of  peptides  in  the  presence  of  ethoxyacetylene  was  studied.  The  preparation  of  cycloglycyl- 
€  -N-tosyllysylglycylglycyl-«  -N -tosyllysylglycine  was  described. 
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The  alkylation  products  of  meso-aminoacridine  have  not  been  studied  adequately.  Only  N -methyl -meso- 
aminoacridinium  halides  are  known  [1].  We  attempted  to  prepare  other  alkyl  derivatives  by  heating  meso-amino¬ 
acridine  with  various  alkyl  iodides.  However,  it  was  only  in  the  case  of  ethyl  iodide  that  we  obtained  an  alkylation 
product  and  this  was  found  to  be  N-ethyl-meso-aminoacridinium  iodide  (I).  The  structure  of  this  substance  and,  in 
particular,  the  addition  of  the  ethyl  radical  to  the  heterocyclic  nitrogen  atom  was  demonstrated  by  conversion  of  the 
substance  to  N -ethylacridone  (V),  which  was  identical  with  the  ethylation  product  of  acridone  described  by  Graebe 
and  Lagodzinski  [2].  Contrary  to  expectations,  heating  meso-aminoacridine  with  alkyl  iodides  containing  heavier 
alkyl  radicals  such  as  N -butyl-,  N -octyl,  and  N -cetyl  yielded  no  alkylation  products,  but  the  same  substance  in  all 
cases, and  this  was  found  to  be  the  hydroiodide  of  unsubstituted  meso-aminoacridine  (II).  Assuming  that  the  libera¬ 
tion  of  this  substance  was  preceded  by  the  formation  of  the  salt  of  the  corresponding  N -alkyl  derivative,  which  was 
unstable  under  the  reaction  conditions  and  decomposed  to  the  salt  of  unsubstituted  aminoacridine  with  the  elimination 
of  an  unsaturated  hydrocarbon,  we  decided  to  check  the  accuracy  of  this  hypothesis  with  the  N -ethyl  derivative  (I). 

It  was  found  that  when  heated  in  alcohol,  N-ethyl-meso-aminoacridinium  iodide  was  gradually  converted  to 
unsubstituted  meso-aminoacridinium  iodide  (II).  This  conversion  was  most  complete  when  the  dry  salt  (I)  was  heated. 
By  carrying  our  this  decomposition  in  a  stream  of  carbon  dioxide  with  the  volatile  reaction  products  trapped  in  a 
burette  over  potassium  hydroxide  solution,  we  obtained  an  almost  quantitative  yield  of  ethylene.  From  this  it  follows 
that  when  heated  in  solution  and  in  a  dry  state,  N -alkyl -meso-aminoacridinium  salts  are  unstable  and  decompose 
with  the  elimination  of  the  corresponding  olefin  and  the  formation  of  an  aminoacridinium  salt  which  is  unsubstituted 
at  the  nitrogen. N-Alkyl-meso-aminoacridinium  salts  containing  heavier  alkyl  radicals  are  so  unstable,  probably  due 
to  the  presence  or  the  latter,  that  in  contrast  to  the  more  stable  salts  of  the  N -ethyl  derivative,  they  decompose  even 
under  the  conditions  of  their  formation. 

This  conversion  of  N-alkyl-meso-aminoacridinium  iodides  is  noteworthy.  The  decomposition  of  quaternary 
ammonium  halides  to  an  alkyi  halide  and  a  tertiary  amine  is  more  natural.  Decomposition  with  the  formation  of 
an  unsaturated  hydrocarbon  is  characteristic  of  quaternary  ammonium  hydroxides;  this  is  the  basis  of  the  classical 
method  of  preparing  unsaturated  hydrocarbons  by  "exhaustive  alkylation"  by  Willstatter’s  method  [3].  The  decompo¬ 
sition  of  N-alkyl-meso-aminoacridinium  iodides  described  above  is  probably  the  result  of  the  distinctive  properties 
of  meso-aminoacridine,  which,  as  Albert  [1]  showed,  is  a  strong  base  in  whose  salts  the  positive  charge  is  distributed 
through  the  system  of  conjugated  bonds  between  the  heterocyclic  nitrogen  atom  and  the  meso-amlno  group. 

The  distinctive  properties  of  the  meso-aminoacridine  grouping  also  affected  the  reaction  of  N-ethyl-meso- 
aminoacridinium  iodide  with  alkalis.  Like  cations  of  basic  triphenylme thane  dyes,  which  add  a  hydroxyl  to  the 
cenual  carbon  in  an  alkaline  medium  and  form  carbinol  bases,  the  N-ethyl-meso-aminoacridinium  cations  adds 
a  hydroxyl  to  the  meso-carbon  to  form  N-ethyl-meso-amino-meso-hydroxyacridan  (IV).  This  carbinol  base,  which 
gradually  separated  as  orange  platelets  with  m.  p.  135-138*  (with  decomp.)  when  the  iodide  (I)  was  treated  with 
potassium  hydroxide,  was  only  relatively  stable.  When  heated,  it  decomposed  with  the  liberation  of  ammonia  and 
the  formation  of  N -ethylacridone  (V). 

The  behavior  of  the  carbinol  base  (IV)  in  the  presence  of  acids  is  noteworthy.  When  dilute  acids  were  added  to 
an  alcohol  solution  of  jhe  base,  the  elimination  of  ammonia  with  the  formation  of  N -ethylacridone  (V)  proceeded 
extremely  readily,  even  without  heating.  When  the  dry  base  was  treated  with  concentrated  acids,  together  with 
partial  conversion  to  N -ethylacridone,  there  was  salt  formation, and  the  corresponding  N-ethyl-meso  aminoacridinium 
salts  were  obtained  as  a  result  of  the  liberation  of  water.  Thus,  the  iodide  (I)  could  be  regenerated  by  treatment  of 
the  base  (IV)  with  hydriodic  acid  .and  the  chloride  and  sulfate  were  obtained  by  treatment  with  hydrochloric  and 
sulfuric  acids,  respectively. 
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EXPERIMENTAL 

N  -Ethyl-meso-amlnoacridinlum  Iodide.  A  mixture  of  19.4  g  (0.1  mole)  of  aminoacridine  and  78  g  (0.5  mole) 
of  ethyl  iodide  was  heated  under  reflux  on  a  boiling  water  bath  for  5  days.  The  excess  ethyl  iodide  was  removed  by 
distillation, and  the  salt  obtained  was  purified  by  repeated  solution  in  alcohol  and  precipitation  with  ether.  The  yellow 
crystals  had  m.p.  285*. 

Found  N  8.27;  I  36.9.  GisHigN,!.  Calculated ‘yo:  N  8.00;  I  36.3. 

Meso-aminoacridinium  iodide,  a)  Preparation  by  formation  of  the  salt  from  the  amine.  A  mixture  of  19.4  g 
(0.1  mole)  of  aminoacridine  and  excess  10%  hydriodic  acid  was  heated  for  several  hours.  The  salt  obtained  was  puri¬ 
fied  by  solution  in  alcohol  and  precipitation  with  ether.  The  yellow  crystals  had  m.p.  31?. 

Found  %:  N  8.72;  I  38.9.  CijHuN,!.  Calculated  %:  N  8.7;  I  39.5. 

b)  Preparation  by  reaction  of  aminoacridine  with  alkyl  halides.  A  mixture  of  9.7  g  (0.05  mole)  of  amino¬ 
acridine  with  53.5  g  (0.25  mole)  of  butyl  iodide,  61  g  (0.25  mole)  of  octyl  iodide,  or  95.5  g  (0.25  mole)  of  cetyl 
iodide  was  heated  under  reflux  on  a  boiling  water  bath  for  5  days.  After  removal  of  the  excess  alkyl  iodide,  the 
salts  obtained  were  purified  by  solution  in  alcohol  and  precipitation  with  ether.  In  all  three  cases  we  obtained  yello 
crystals  with  m.p.  31?.  Mixed  melting  points  with  meso-aminoacridinium  iodide  were  not  depressed. 

c)  Decomposition  of  N-ethyl-meso-aminoacridinium  iodide.  A  0.35-g  sample  (0.001  mole)  of  the  substance 
was  decomposed  in  a  vessel  under  a  stream  of  COj.  We  collected  20  ml  of  ethy’p.ne  (theoretical,  22.4  ml)  in  a  gaso¬ 
meter  over  50%  KOH  solution.  The  substance  remaining  in  the  vessel,  which  was  purified  by  solution  in  alcohol  and 
precipitation  with  ether,  was  identified  as  meso-aminoacridinium  iodide. 

Meso-amino-meso-hydroxy-N-ethylacridan.  a)  Preparation.  A  35-g  sample  (0.1  mole)  of  N-ethyl-meso- 
amlnoacridinium  iodide  was  treated  with  excess  10%  KOH  at  room  temperature  for  several  hours.  The  base  obtained 
was  washed  free  from  alkali  and  purified  by  repeated  solution  in  alcohol  and  precipitation  with  water.  The  base  was 
obtained  as  lustrous  orange  leaflets  with  m.  p.  135-138*. 

Found  %;  N  11.34.  CibHuON,.  Calculated  %;  N  11.65. 

b)  Decomposition  of  base  in  alcohol  solution.  A  2.4-g  sample  (0.01  mole)  of  the  base  was  dissolved  in  200  ml 
of  alcohol.  Excess  10%  hydrochloric  acid  (or  10%  sulfuric  acid)  was  added  to  the  alcohol  solution  at  room  temperature. 
After  several  hours,  the  alcohol  solution  was  diluted  with  water  to  precipitate  cream  crystals,  which  were  purified  by 
solution  in  alcohol  and  precipitation  with  water.  The  product  had  m.p.  156*.  A  mixture  of  the  substance  obtained  and 
authentic  N -ethylacridone  melted  at  156*. 
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Found  N  6.7.  CisHijON.  Calculated  %:  N  6.27. 

c)  Decomposition  of  dry  base.  A  2.4-g  sample  (0.01  mole)  of  the  base  was  heated  to  150*.  Ammonia  was 
liberated.  After  being  heated,  the  substance  was  dissolved  in  alcohol  and  precipitated  with  water.  Cream  crystals 
with  m.p.  156*  were  liberated  and  these  were  identified  as  ethylacridone. 

d)  Conversion  of  base  to  N-ethyl-meso-aminoacridinium  salts.  N -Ethyl-meso-aminoacridinium  chloride. 

A  2.4  g  sample  (0.01  mole)  of  the  base  was  treated  with  excess  10*!!^  hydrochloric  acid  solution  at  room  temperature 
for  several  hours.  The  salt  obtained  w;>s  washed  free  from  excess  acid  and  purified  by  repeated  solution  in  alcohol 
and  precipitation  with  ether.  The  salt  was  obtained  as  yellow  crystals  with  m.p.  295-297*. 

Found  N  10.5;  Cl  13.7.  CibHibNjCI.  Calculated  N  10.8;  Cl  13.8. 

N  -Ethyl-meso-aminoacridinium  sulfate.  A  2.4-g  sample  (0.01  mole)  of  the  base  was  treated  with  excess  10% 
sulfuric  acid  at  room  temperature  for  several  hours.  The  salt  obtained  was  washed  with  small  portions  of  water  (the 
salt  was  appreciably  soluble  in  water)  to  remove  excess  acid  and  purified  by  recrystallization  from  water.  The  salt 
was  obtained  as  yellow-orange  crystals  with  m.p.  282-285*. 

Found  %:  N  10.4.  Cs8H,o04N4S.  Calculated  %:  N  10.3. 

SUMMARY 

1.  N -Ethyl-meso-aminoacridinium  iodide  was  formed  by  the  reaction  of  meso-aminoacrldine  with  ethyl 
iodide.  When  heated,  it  decomposed  with  the  liberation  of  ethylene  and  the  hydroiodide  of  unsubstituted  meso- 
aminoacridine. 

2.  When  meso-aminoacrldine  was  heated  with  alkyl  iodides  containing  heavier  radicals,  only  the  hydroiodide 
of  unsubstituted  meso-aminoacridine  could  be  Isolated  from  the  reaction  mixture, and  this  indicates  the  instability 
of  the  quaternary  salts  formed  as  intermediate  products. 

3.  The  action  of  alkali  on  anN -ethyl-meso-aminoacridinium  salt  formed  a  pseudobase,  namely  meso-amino- 
meso-hydroxy-N-ethylacridan,  *vnlch  was  converted  into  N -ethylacridone  with  the  liberation  of  ammonia  when 
heated  in  alcohol  in  the  presence  of  acids.  When  treated  with  strong  acids,  it  was  converted  into  N-ethyl-meso- 
aminoacridinium  salts. 
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One  of  us  showed  previously  [1]  that  hydroxyaryl  ketones  may  be  obtained  by  acylation  of  aluminum  phenolates 
with  acid  chlorides  in  the  presence  of  aluminum  chloride.  The  study  of  this  reaction  was  continued  in  the  present 
work.  Substituted  hydroxy  ketones  were  synthesized  by  acylation  of  aluminum  phenolates  with  substituted  acid 
chlorides  according  to  the  general  scheme: 

(C8ll50)3Al -t-3RCOCl  — ^  HOC0U4COR  4-3HCI -I  AICI3 

It  was  also  possible  to  acylate  aluminum  phenolates  with  substituents  in  the  nucleus  to  obtain  the  corresponding 
ketones.  In  the  acylation  of  aluminum  phenolates  with  acid  chlorides  of  dibasic  acids,  the  acid  chloride  reacted  with 
a  molecule  of  aluminum  phenolate  to  form  (after  hydrolysis)  hydroxyaryl  keto  acids,  for  example: 

AlPI 

(CeU60)3Al  3C1C0(CH2)4C0C1  — ^  IIOC6H4CO(CU2)4COCl  +  3HC1  +  AICI3 
or  with  two  molecules  of  aluminum  phenolate  to  form  a  dihydroxy  diketone,  for  example: 

Ain 

2(CoH50)3AI  +  3ClGO(Cn2)4COCl - ^  UOCcIl4GO{CH2)4COCoH40H  +  6IIG1  +  2AIGI3 

Similar  hydroxy  compounds  are  obtained  differently  by  the  Fries  or  Friedel-Crafts  reaction.  Recent  investigations 
[2]  showed  that  (sometimes  contrary  to  previous  work)  the  same  products  are  formed  in  these  reactions, and  this  makes 
it  necessary  to  assume  that  their  mechanisms  are  very  similar  or  even  identical.  The  reaction  mechanism  in  the 
method  proposed  is  probably  analogous.  Acylation  of  aluminum  phenolates  without  the  addition  of  aluminum  chloride 
at  the  temperature  of  a  water  bath  yielded  the  corresponding  esters  [1]  in  yields  close  to  theoretical. and  therefore  it  is 
possible  that  the  synthesis  of  hydroxyaryl  ketones  proceeds  in  two  stages:  a)  formation  of  the  ester  and  b)  a  Fries 
rearrangement.  However,  the  amount  of  aluminum  chloride,  even  allowing  for  that  formed  during  the  reaction,  was 
no  greater  and  sometimes  less  (for  example,  during  the  synthesis  of  hydroxybenzophenones)  than  the  equimolecular 
amount,  although  the  reaction  proceeded  to  completion.  The  reaction  actually  proceeded  with  even  smaller 
amounts  of  aluminum  chloride  with  heating  to  140-160*.  However,  in  these  cases  the  hydroxy  ketone  obtained  always 
contained  some  of  the  corresponding  ester,  which  had  to  be  separated,  and  we  considered  this  method  inconvenient. 

We  should  note  that  in  the  acylation  of  aluminum  phenolate  with  p-nitrobenzoyl  chloride,  we  always  obtained  some 
ester;  part  of  the  aluminum  chloride  was  probably  inactivated  by  the  nitro  group.  In  the  synthesis  of  hydroxyaceto- 
phenones  (including  those  containing  substituents  in  the  benzene  ring)  by  acylation  of  aluminum  phenolate,  it  was 
most  convenient  to  carry  out  the  reaction  in  benzene  [IJ.and  the  benzene  was  not  acetylated,  i.e.,  acetophenone  was 
not  obtained.  In  the  preparation  of  o-  and  p-hydroxyacetophenones  with  a  reagent  ratio  of  acetyl  chloride:  aluminum 
phenolate  =  1:  0.67  (in  addition,  0.33  was  obtained  during  the  reaction)  in  benzene,  o-  and  p-hydroxyacetophenones 
were  obtained  in  good  yield  (887o)  without  contamination  by  phenyl  acetate;  when  twice  the  amount  of  aluminum 
chloride  was  used  and  the  reaction  mixture  was  heated,  2'flo  of  acetophenone  and  32*!!^  of  hydroxyacetophenones  were 
obtained.  The  Fries  rearrangement  of  phenyl  acetate  in  benzene  has  been  studied  in  [3].  With  a  ratio  of  phenyl 
acetate  to  aluminum  chloride  of  1:  1,  a  small  amount  of  o-  and  p-hydroxyacetophenones  was  obtained,  while  the 
ester  was  largely  recovered.  With  a  ratio  of  1:  2,  up  to  60%  of  acetophenone  and  a  very  small  amount  of  p-hydroxy- 
acetophenone  were  obtained.  Comparison  shows  that  these  results  are  quite  different,  indicating  that  our  reaction 
may  have  a  different  mechanism,  for  example  direct  acetylation  of  aluminum  phenolate  or  diphenoxyaluminum 


chloride  and  phenoxyaluminum  dichloride  which  could  be  formed  during  the  reaction.  The  reaction  is  obviously  closer 
to  the  Friedel -Crafts  reaction  than  the  Fries  reaction.  The  high  rate  of  the  reaction  we  propose  may  be  explained 
simply  by  the  high  activity  of  the  aluminum  chloride  formed. 

On  the  whole,  the  reaction  described  is  more  convenient  than  the  synthesis  of  hydroxyaryl  ketones  by  the  Fries 
method  as  it  is  not  necessary  to  prepare  the  ester.  This  is  all  the  more  convenient  as  esters  of  some  substituted  phenols 
(for  example,  dlchlorophenol)  and  esters  of  dibasic  acids  are  often  obtained  in  low  yield.  As  a  result,  the  over-all 
yield  with  the  reaction  described  is  normally  appreciably  higher  than  in  the  preparation  of  the  same  substances  by 
the  Fries  or  Friedel-Crafts  method  and  the  consumption  of  aluminum  chloride  is  less.  The  ratio  of  the  isomers  of  the 
hydroxyaryl  ketones  obtained  is  somewhat  different, and  more  of  the  ortho-isomer  is  usually  obtained  than  in  the  Fries 
or  Friedel-Crafts  synthesis. 


EXPERIMENTAL 

In  the  synthesis  of  hydroxyaryl  ketones  that  have  not  been  described  in  the  literature,  like  other  investigators, 
we  considered  volatility  in  steam  and  a  color  reaction  with  ferric  chloride  as  indications  of  an  o-hydroxy  ketone  [4]. 
The  aluminum  phenolates  were  prepared  by  solution  of  an  equivalent  amount  of  aluminum  (turnings)  in  the 
appropriate  phenol  [5]  and  were  used  without  purification. 

Synthesis  of  hydroxyethylbenzophenones.  A  mixture  of  7.8  g  (0.02  mole)  of  aluminum  o-ethylphenolate  and 
8.4  g  (0.06  mole)  of  benzoyl  chloride  was  heated  for  30  min  on  a  water  bath.  The  mixture  was  cooled,  6.7  g 
(0.05  mole)  of  freshly  sublimed  aluminum  chloride  added,  and  the  mixture  heated  for  30  min  on  a  water  bath.  To 
the  cooled  mixture  was  added  6.7  g(0.05  mole)  of  freshly  sublimed  aluminum  chloride  and  the  mixture  heated  on  a 
sand  bath  at  160-170*  for  30  min;  hydrogen  chloride  was  liberated.  The  mixture  was  cooled,  66  ml  of  8%  hydrochloric 
acid  added  dropwise,  and  the  mixture  boiled  for  10  min.  The  2-hydroxy -3 -methylbenzophenone  was  then  distilled 
with  superheated  steam.  The  distilled  product  was  extracted  with  benzene,  dried  with  magnesium  sulfate,  and  distil¬ 
led  at  165-167*  (3  mm).  The  yield  was  8.5  g  (61%).  The  semicarbazone  had  m.p.  205*  (from  alcohol). 

The  residue  from  steam  distillation  was  dissolved  in  benzene  and  extracted  15  times  with  3%  potassium 
hydroxide.  The  combined  alkaline  extracts  were  acidified  with  hydrochloric  acid.  A  precipitate  of  4-hydroxy-3- 
ethylbenzophenone  (1.67  g,  12%)  had  formed  after  12  hr.  The  m.p.  was  136*  (from  alcohol)  and  the  total  yield  was 
73%, 


Synthesis  of  hydroxyethylacetophenones.  To  a  suspension  of  7.8  g  (0.02  mole)  of  aluminum  trl-o-ethyl- 
phenolate  in  10  ml  of  benzene  was  added  6.7  g(0.05  mole)  of  freshly  sublimed  aluminum  chloride  and  4.7  g  (0.06 
mole)  of  acetyl  chloride  introduced  dropwise  over  a  period  of  4  hr.  After  12  hr,  the  mixture  was  heated  for  2  hr  on 
a  water  bath.  The  mixture  was  cooled,  40  ml  of  8%  hydrochloric  acid  added  dropwise  at  20-30*,  and  the  mixture 
then  heated  to  boiling.  On  cooling,  the  benzene  layer  was  separated  and  the  aqueous  layer  extracted  twice  with 
20 -ml  portions  of  benzene.  The  combined  benzene  solutions  were  extracted  15  times  with  3%  potassium  hydroxide. 
The  alkaline  extract  was  acidified  with  hydrochloric  acid  and  the  2-hydroxy-3-ethylacetophenone  distilled  with 
superheated  steam.  The  distillate  was  extracted  with  benzene,  the  extract  dried  with  baked  magnesium  sulfate, 
the  benzene  removed,  and  the  residue  vacuum  distilled.  We  obtained  3  g  (33%)  of  2-hydroxy-3-ethylacetophenone 
with  b.p.  90-95*  (3  mm).  The  semicarbazone  had  m.p.  199*  (from  alcohol).  The  residue  from  steam  distillation  was 
filtered  hot.  We  obtained  2.1  g((24%)  of  4-hydroxy-3-ethylacetophenone  with  m.p.  83*  (from  water),  whose  p-nitro- 
phenylhydrazone  had  m.p.  216-217*,  which  correspond  to  literature  data  [6].  The  total  yield  of  hydroxyethylaceto¬ 
phenones  was  57%.  Other  hydroxyalkylacetophenones  were  obtained  analogously.  The  ratios  of  the  reagents  and  molar 
amounts  were  the  same.  The  results  are  given  in  the  table  (Nos.  1-7)* . 

For  known  substances,  the  constants  corresponded  to  those  given  in  the  literature;  analyses  of  new  substances 
are  given  in  the  table. 

Synthesis  of  p-nitrohydroxybenzophenones.  The  reaction  was  carried  out  in  a  three-necked  flask  with  a  stirrer, 
reflux  condenser  (with  a  calcium  chloride  tube),  and  thermometer.  A  mixture  of  6.2  g  (0.02  mole)  of  aluminum 
phenolate  and  11.2  g(0.06  mole)  of  p-nitrobenzoyl  chloride  was  heated  on  a  boiling  water  bath  for  30  min.  The 
mixture  melted  and  then  partially  solidified.  The  mass  was  cooled,  6.7  g  (0.05  mole)  of  freshly  sublimed  aluminum 


*T.  A.  Burtseva  helped  with  this  part  of  the  work. 
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*  Condensation  temperature  160r,  In  addition  to  the  ketone,  we  obtained  3.85  g  (25%)  of  p-tolyl  p-niaobenzoate  with  m.p.  97*,  which  corresponds  to  literature 
data  [11]. 


chloride  added,  and  the  mixture  heated  on  an  oil  bath  at  140* 
for  30  min.  Hydrogen  chloride  was  liberated  vigorously.  The 
mixture  was  then  cooled  to  20*  and  100  ml  of  hydrochloric 
acid  gradually  added.  The  reaction  mixture  was  heated  on  a 
boiling  water  bath  for  10  min  and  cooled,  the  precipitate  removed 
by  filtration,  and  the  filtrate  extracted  three  times  with  50-ml 
portions  of  ether.  The  ether  extracts  were  combined,  the  precipitate 
dissolved  in  them,  and  the  hydroxy  ketones  extracted  from  the 
ether  solution  with  ten  50-ml  portions  of  2%  sodium  hydroxide. 

The  alkaline  extract  was  acidified  with  hydrochloric  acid.  The 
precipitate  of  p-nitrohydroxybenzophenones  was  collected,  washed 
with  water,  and  dried;  the  yield  was  10.4  g  (71*!^).  The  capacity  of 
4-nitro“4-hydroxybenzophenone,  unlike  4'-nitro-2-hydroxybenzo- 
phenone,  to  dissolve  in  57«>  sodium  carbonate  [7]  was  used  to  sepa¬ 
rate  the  isomeric  hydroxy  ketones.  The  mixture  of  hydroxy 
ketones  was  triturated  in  a  mortar  five  times  with  5%  sodium 
carbonate  solution  and  the  mixture  filtered  each  time.  The  sodium 
carbonate  solution  was  acidified  with  hydrochloric  acid  and  the 
precipitate  collected  to  yield  7.6  g  of  4’-nitro-4-hydtoxybenzo- 
phenone  with  m.p.  190*  (from  aqueous  acetone);  literature  data: 
m.p.  190-192*  [8].  The  insoluble  residue  was  recrystalllzed  from 
acetone.  We  obtained  1  g  of  4’-nitro-2-hydroxybenzophenone 
with  m.p.  Ill";  literature  data:  m.p.  111-113’  [8].  The  ether 
was  distilled  from  the  ether  extract  (after  extraction  with 
sodium  hydroxide).  We  obtained  2.4  g  (IB^^o)  of  p-nitrophenyl 
benzoate  with  m.p.  129-130*  (from  alcohol).  Literature  data: 
m.p.  129  [9]. 

Other  hydroxy  ketones  were  obtained  analogously  from  0.01 
mole  of  aluminum  phenolate  and  0.03  mole  of  acid  chloride. 

Where  only  one  isomer  was  formed  without  contamination  by 
ester,  solution  in  sodium  carbonate  was  not  used.  The  results 
are  given  in  the  table  (Nos.  8-12). 


Acylation  of  aluminum  p-cresolate  with  succinyl  chloride. 
A  mixture  of  13.9  g  (0.04  mole)  of  aluminum  p-cresolate  and 
9.3  g  (0.06  mole)  of  succinyl  chloride  was  heated  in  a  round- 
bottomed  flask  with  an  air  condenser  and  a  calcium  chloride  tube 


on  a  boiling  water  bath  for  30  min.  Then  16  g  (0.12  mole)  of 
sublimed  aluminum  chloride  was  added  and  the  mixture  stirred 


and  heated  on  an  oil  bath  at  120’  for  2  hr.  The  mass  was  cooled 
and  hydrolyzed  with  8*70  hydrochloric  acid  with  cooling.  The 
precipitate  was  collected,  washed  with  cold  water,  and  treated 
with  several  portions  of  2%  sodium  hydroxide  solution.  The 
insoluble  product  was  collected.  The  alkaline  solution  was 
acidified  with  hydrochloric  acid  and  the  precipitate  collected 
and  dissolved  in  2  N  sodium  carbonate  solution  (about  300  ml). 
The  insoluble  part  was  collected  and  added  to  the  alkali-insoluble 
product.  The  sodium  carbonate  solution  was  acidified  with 
hydrochloric  acid  and  filtered  after  12  hr.  We  obtained  3.7  g 
(12.4*70)  of  0 -(2-hydroxy -5 -methyl)-phenylpropionic  acid  with 
m.p.  136*,  which  corresponds  to  literature  data  [12].  The  residue 
which  was  insoluble  in  alkali  and  sodium  carbonate  was 
extracted  several  times  with  boiling  2%  sodium  hydroxide  by 
boiling  with  the  solution  and  subsequent  filtration.  The  alkaline 
extract  was  cooled  and  acidified  with  hydrochloric  acid.  The 
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precipitate  of  l,6-di"(2-hydroxy-5-methylphenyl)-butane-l,4-dione  was  collected,  washed  with  water,  and  dried. 

We  obtained  12.8  g  (71.5%)  of  product  with  m.p.  189*  (from  propanol),  which  corresponds  to  literature  data  [13]. 

Acylation  of  aluminum  p-cresolate  with  adipyl  chloride.  A  mixture  of  23  g  (0.066  mole)  of  aluminum  p-crcto- 
late  and  18  g  (0.1  mole)  of  adipyl  chloride  was  heated  on  a  boiling  water  bath  for  30  min.  Then  80.1  g  (0.6  mole)  of 
sublimed  aluminum  chloride  was  added  and  the  mixture  heated  for  2  hr  on  an  oil  bath  at  120*  and  finally  at  160r . 

The  cooled  mixture  was  hydrolyzed  with  100  ml  of  18%  hydrochloric  acid  and  the  precipitate  collected  and  washed. 

It  was  boiled  in  1  liter  of  2%  sodium  hydroxide  for  1  hr  (for  hydrolysis  of  esters  present),  the  mixture  cooled,  and  the 
precipitate  (24  g)  collected.  The  filtrate  was  acidified  with  hydrochloric  acid.  The  precipitate  was  collected  and 
dissolved  in  500  ml  of  2  N  sodium  carbonate  solution.  The  insoluble  part  (2  g)  was  added  to  the  alkali-insoluble 
precipitate.  The  sodium  carbonate  filtrate  was  acidified  and  the  precipitate  collected  and  recrystallized  from  water. 
We  obtained  3  g  (10%)  of  6-  (2 -hydroxy -5 -methyl) -benzoylvaleric  acid  with  m.p.  119.S*. 

Found  %:  C  66.21;  H  6.90.  Gi3Hi,04.  Calculated  %:  C  66.10;  H  6.78. 

The  alkali-insoluble  product  was  recrystallized  from  propanol.  It  had  m.p.  163*  and  corresponded  to  l,6-dl-(2- 
hydroxy-5-methylphenyl)-hexane-l,6-dione  [12].  The  yield  was  26  g(80%). 

SUMMARY 

1.  It  was  shown  that  hydroxyaryl  ketones,  dihydroxydiaryl  diketones  and  hydroxyaryl  keto  acids  may  be  obtained 
by  acylation  of  aluminum  phenolates. 

2.  Hypotheses  were  put  forward  on  the  mechanism  of  the  reaction  occurring. 
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E.  A.  Smirnov  [1]  previously  studied  color  phenomena  In  arylamides  of  m-  and  p-nltro-trans-clnnamic  acids. 
All  the  compounds  prepared  had  a  color  in  the  solid  state,  and  the  deepest  color  was  shown  by  derivatives  of  p-nltro- 
trans-clnnamic  acid  of  the  general  formula  (I)  with  an  electron-donor  group  A  pH,  OCH3,  or  N(CH|)|]  in  the  position 
para  to  the  NH  group. 

BK 

- - - 

_ 

AK 

In  the  opinion  of  E.  A.  Smirnov,  the  main  reason  for  the  color  of  these  compounds  is  a  direct  interaction 
through  forces  of  the  external  field  of  the  two  chromophoric  systems  of  opposite  nature,  namely  the  electron -donor 
system  AK*  and  the  electrophilic  system  BK*  *  ,  which  are  separated  from  each  other  by  a  group  which  stops 
conjugation  (— CO“NH— ).  The  presence  of  color  with  N -methyl  derivatives  [with  the group~CO—N(CH3)—] 
indicates  that  the  possible  tautomeric  conversion  of  the  group— CO— NH—  into— C(OH)=N—  with  the  formation  of 
a  conjugated  chain  is  not  an  essential  condition  for  the  production  of  color. 

In  the  present  investigation  we  studied  color  in  analogous  arylamides  of  a -phenyl -substituted  trans-cinnamic 
acids  [A  represents  the  same  groups  as  in  the  derivatives  with  formula  (I)]: 

a)  derivatives  of  p-nltro-a-phenylcinnamic  acid  with  the  general  formula  (II): 


BK' 


b)  derivatives  of  a -(p-nltrophenyl) -cinnamic  acid  with  the  general  formula  (HI): 


*The  electron -donor  chromophoric  system  contains  a  system  of  conjugated  double  bonds  with  an  attached  electron- 
donor  group. 

*  *The  electrophilic  chromophoric  system  contains  a  system  of  conjugated  double  bonds  with  an  attached  electro¬ 
philic  group. 


The  purpose  of  the  present  work  was  to  study  the  effect  of  elaboration  of  the  electrophilic  chromophorlc 
system  (BK*  and  BK",  respectively,  Instead  of  BK),  with  the  electron -donor  chromophorlc  system  AK  remaining 
unchanged,  on  the  color  of  compounds  with  separated  complex  chromophorlc  systems. 


This  elaboration  of  the  structure  of  the  derivatives  of  p-nitro-a-phenylcinnamic  acid  (II)  consisted  of  intro¬ 
ducing  a  benzene  ring  into  the  a-posltlon  of  the  molecule  of  nitroclnnamoyl  derivatives  (I),  which  led  to  consider¬ 
able  lengthening  of  the  ir -electron  chromophorlc  system  BK.  However,  in  this  case  the  group  ~CO~NH—  was  not 
connected  to  the  end  of  a  chain  of  double  bonds,  as  in  the  system  BK*,  but  to  one  of  the  middle  units  of  this  chain  in  the 
system  BK’.and  the  chain  Itself  was  thus  divided  into  two  parts.  One  part  (the  benzene  residue)  was  not  conjugated 
with  the  CO  group  and  was  only  subjected  to  the  polarizing  effect  of  an  NOj  group.  While  molecules  of  the  p-nltro- 
cinnamoyl  derivatives  (I)  contained  a  strong  electrophilic  chromophorlc  system  with  opposed  polarizing  effects  of  the 
CO  and  NOj  groups  (IV),  in  the  derivatives  of  p-nitro-a-phenylcinnamic  acid  (II),  opposed  polarization  played  a 
lesser  role  due  to  the  presence  of  another  electrophilic  system  (V),  in  which  the  polarization  was  in  one  direction 
[systems  (IV)  and  (V)  are  partly  superposed  on  each  other]. 


(N) 
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The  structure  of  the  derivatives  ot  a-(p-nitrophenyl)-cinnamic  acid  (III)  differed  from  that  of  the  p-nltro- 
cinnamoyl  derivatives  (I)  even  more  appreciably  in  that  not  only  was  there  an  additional  benzene  ring  in  the  a- 
posltion,  but  also  the  nltro  group  was  in  this  ring  and  not  in  the  clnnamoyl  residue.  The  molecules  of  these  derivatives 
did  not  contain  an  electrophilic  system  with  opposed  polarizing  effects,  but  contained  two  partially  superposed  electro¬ 
philic  systems,  at  the  ends  of  whose  chains  were  NOj  and  CO  groups,  respectively  (VI)  (the  directions  of  the 
displacement  of  ir -electrons  in  these  systems  is  indicated  by  arrows).  Since  the  polarizing  effects  of  these  groups  on 
the  electrons  of  the  clnnamoyl  group  compete  with  each  other,  this  leads  to  dissipation  of  the  conjugation  effect  [2], 
i.e.,  a  decrease  in  the  electronic  displacements.  Analysis  of  the  structure  of  these  derivatives  of  phenylcinnamic 

acids  (n  and  III)  thus  leads  to  the  conclusion  that  due  to  branching  of  the  chain  the 
electrophilic  systems  BK’  and  BK”  in  the  molecules  are  weaker  chromophorlc 
derivatives  (BK).  Due  to  the  weakening  of  the  reaction  with  the  electron -donor 
system  AK,  a  heightening  in  color  is  to  be  expected  with  a  change  from  arylamides 
of  p-nitrocinnamic  acid  (I)  to  the  corresponding  arylamides  of  p-nitro-a-phenyl¬ 
cinnamic  acid  (H)  and  especially  with  the  change  to  arylamides  of  a-(p-nitro- 
phenyl)-cinnamic  acid  (III). 

We  prepared  arylamides  of  p-nitro-a -phenylcinnamic  acid  and  a-(P"nltro- 
phenyl)-cinnamic  acid  which  have  not  been  described  in  the  literature  (Table  1) 
and  measured  both  the  absorption  spectra  of  the  surface  of  the  powders  and  die 
absorption  spectra  of  alcohol  solutions  of  all  the  substances  mentioned  above. 

The  spectrascopic  results  were  compared  with  data  on  the  spectra  of  p-nitrocinnamoyl  derivatives  (I)  obtained 
by  E.  A.  Smirnov  and  kindly  presented  to  us  for  the  comparison. 

Absorption  spectra  of  solutions.  The  absorption  spectra  of  alcohol  solutions  we  obtained  together  with  those 
obtained  by  E,  A.  Smirnov  are  shown  in  Figs.  1  and  2, and  data  on  the  absorption  maxima  of  the  two  bands,  namely 
band  I  (denoted  by  and  €^)  and  band  n  (denoted  by  X^  and  c^^)  are  compared  in  Table  2.  For  comparison,  we 
also  present  literature  data  [3]  on  the  absorption  of  alcohol  solutions  of  p-nitrostilbene. 

As  the  absorption  curves  of  these  substances  (Figs.  1  and  2)  and  the  data  in  Table  2  show,  the  introduction  of  an 
additional  benzene  ring  into  the  a-position  of  the  nitrocinnamoyl  derivatives  and, still  more,  the  transfer  of  the  nltro 
group  from  the  clnnamoyl  residue  to  this  ting  produce  sharp  changes  in  the  absorption  spectra,  which  consist  not  only 
of  displacements  of  the  absorption  bands,  but  also  changes  in  the  very  nature  of  the  spectrum,  namely  complete  or 
almost  complete  disappearance  of  some  bands  or  steps  and  their  replacement  by  others,  i.e.,  a  change  in  the  form  of 
the  absorption  curve. 
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TABLE  1 


TABLE  2* 


II 

No. 

Name 

max 

'max 

max 

mp 

mp 

1 

p-Nitrocinnamoyl-p-anisidine 

300  •* 

18840  *• 

-220—230 

2 

p-Nitro-a-phenylcinnamoyl- 

332 ••• 

16100 

-235—255 

p-anisidine 

3 

a  -( p-Nitrophenyl)  -cinamoyl  - 

278 

25500 

— 

p-anisidine 

10000 

300**** 

4 

p-Nitrocinnamoyl-p-amino- 

395 

5 

dimethylaniline 
p  -  Ni  tro  -0(  -  phenylci  nnamoyl  - 

1 

Indistinctly  expressed 

304 

p-aminodimethylaniline 

6 

a  -(p-Nitrophenyl) -cinnamoyl  - 

—290—310 

—20500-22500 

267 

p-aminodimethylaniline 

7 

p-Nitrostilbene  according  to 

350 

25900 

— 

literature  data  [3] 


.1 

‘max 

—12400 

—16000 

27100  •••• 
22700 

31800 


denotes  that  \nax  *max  '^^re  only  determined  approximately, as  the  curve  had 

a  step. 

*  ’In  addition  there  were  steps  at  X  310-320  mp  (e~17600)  and  330-340  mp  («  =  16500). 

*  *  'In  addition  there  were  steps  at  X  310-316  mp  (C'- 15000)  and  322-326  mp  (€~  15700). 

*  •  •  ‘In  addition  there  were  steps  at  X  250-260  mp  12700). 

A  comparison  of  the  complex  form  of  the  absorption  curve  (1,  Fig.  1)  of  p-nitrocinnamoyl-p-anisidine  with 
its  two  band  maxima  and  two  steps  with  the  absorption  curve  of  p-nitro-a-phenylcinnamoyl-p-anisidine  (2,  Fig.  1) 
shows  that  on  the  latter  the  maximum  of  band  I  is  displaced  toward  longer  wavelengths  by  approximately  20  mP  .  the 
maximum  at  300  mp  disappears,  indistinct  steps  are  present  at  ~313  and  ~324  mp,  and  the  step  at  330-340  mp 
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(present  on  curve  1)  is  converted  into  the  maximum  of  band  II  at  332  mp  . 
However,  on  the  whole  the  absorption  of  the  whole  spectral  region  above 
266  mp  is  less  intense,  while  the  absorption  curve  2  at  the  edge  of  the 
visible  part  of  the  spectrum  (above  340  mp  )  lies  parallel  to  the  absorption 
curve  1  but  displaced  by  approximately  20  mp  toward  shorter  wavelengths. 

The  absorption  curve  of  a-(P“nitrophenyl)-clnnamoyl-p-anlsidine 
(3,  Fig.  1)  has  a  completely  different,  simpler  form:  The  curve  has  only 
one  band  (11)  with  a  maximum  displaced  toward  shorter  wavelengths  by 
22  mp  ,  but  with  an  increased  absorption  coefficient  (from  18840  to 
25500),  while  there  are  no  steps  on  the  curve  at  all.  The  branch  of  the 
absorption  curve  descending  toward  the  visible  part  of  the  spectrum 
(above  310  mp  )  lies  parallel  to  that  of  the  nitrocinnamoyl  derivative 
with  a  hyposchromlc  displacement  of  approximately  50  mp  . 


Similar  phenomena  were  observed  with  the  spectra  of  p-amlno- 
dimethylaniline  derivatives  (Fig.  2).  The  most  complex  form,  namely 
two  clearly  expressed  absorption  maxima  and  one  step,  was  shown  by 
the  absorption  curve  of  the  p-nitroclnnamoyl  derivative,  which  extended 
far  (up  to  670  mp  )  into  the  visible  part  of  the  spectrum  (4,  Fig.  2). 

A  comparison  of  this  curve  with  the  absorption  curve  of  the  p-nitro- 
a-phenylcinnamoyl  derivative  (5,  Fig.  2)  shows  that  the  latter  lacks  the 
step  at  250-260  mp ;  the  maximum  of  band  I  is  not  displaced,  but  its  absorption  coefficient  is  somewhat  reduced; 
and  then  the  descending  branches  of  the  two  curves  almost  coincide.  However,  instead  of  the  main  band  n  there  is 
only  a  quite  indistinctly  expressed  step, so  that  as  a  result  there  is  a  considerable  hypsochromic  displacement  of  the 
curve  in  the  visible  part  of  the  spectrum, and  the  absorption  limit  is  also  displaced  to  about  580  mp  . 


Fig.  1.  Absorption  spectra  of  alcohol 
solutions.  1)  p-Nltroclnnamoyl-p- 
anisidine,  2)  p-nltro-a-phenylcln- 
namoyl-p-anisidine,  3)  a-(P"nitro- 
phenyl)-cinnamoyl-p-anlsidine,  7) 
p-nltrostilbene. 


In  the  absorption  spectrum  of  the  a-<p~nitrophenyl)-cinnamoyl  derivative  (6,  Fig.  2)  there  is  a  hypsochromic 
displacement  of  the  maximum  of  band  I  by  33  mp  with  an  increase  in  the  absorption  coefficient  from  27100  to  31800 
and  conversion  of  band  II  to  a  step  with  a  hypsochromic  displacement  of  about  90-100  mp  .  Above  360  mp  the  absorp¬ 
tion  curve  is  almost  parallel  to  the  curve  of  the  nitrocinnamoyl  derivative  with  a  hypsochromic  displacement  of  70- 
80  mp  . 


The  effect  of  branching  of  the  chain  and  the  presence  of  two  competing  electrophilic  systems  [see  above  (VI)] 
on  the  color  is  also  shown  by  a  comparison  of  the  absorption  curves  3  and  6  for  a-(p-nitrophenyl)-cinnamoyl  deriva¬ 
tives  with  the  absorption  curve  7  (in  Figs.  1  and  2)  for  an  alcohol  solution  of  p-nitrostilbene,  whose  molecule  contains 
only  one  of  these  systems  (VII).  Curve  3  for  the  derivative  with  a  OCH5  group  is  displaced  hypsochromlcally  over 

the  whole  spectral  region  in  comparison  with  curve  7  and  ^^lax  band  II  is  displaced 
by  72  nv  .  With  a  stronger  electron -donor  system  AK  [with  A  =  N(CH3)j]  curve  6  is  also 
displaced  hypsochromlcally  in  the  ultraviolet  region  in  comparison  with  curve  7  and 
(VII)  <f  ^CH=CH  ^max  band  11  is  displaced  by  ~50mp  , but  curve 6, which  intersects  curve  7,  extends 

'  much  further  into  the  visible  part  of  the  spectrum:  The  absorption  limit  lies  at  ^  500  mp 

and  is  displaced  bathochromically  by  -^0  mp  .  This  can  only  be  explained  by  the 
presence  of  an  intramolecular  [through  the  group— C(OH)  =  N— ]  and  probably  also  an 
intermolecular  interaction  of  the  systems  AK  and  BK"  which  does  not  appear  so  appre¬ 
ciably  in  a  derivative  with  a  weaker  electron -donor  system  (with  A  =  C)CH3). 


Thus,  to  sum  up  the  results  of  comparing  the  absorption  spectra,  there  is  a  de^■rease  in  absorption  in  the  visible 
and  adjacent  ultraviolet  part  of  the  spectrum  due  to  a  hypsochromic  displacement  o  ’  che  absorption  curve  when  an 
additional  benzene  ring  is  introduced  into  arylamides  of  p-nitrocinnamic  acid.  Similar  but  much  more  considerable 
changes  in  the  spectrum  are  observed  when  the  nitro  group  is  transferred  into  this  additional  benzene  ring, and  this 
completely  confirms  our  theoretical  predictions. 


Absorption  spectra  of  surface  of  solid  powders.  Analysis  of  the  absorption  spectra  of  the  surface  of  the  solids 
generally  confirmed  the  conclusions  drawn  from  the  examination  of  the  absorption  spectra  of  alcohol  solutions,  but 
the  nature  of  the  electron -donor  group  A  had  an  even  stronger  effect  in  the  solid  state.  For  compounds  containing 
the  OCH3  group,  the  absorption  curve  of  the  p-nitrocinnamoyl  derivatives  (1,  Fig.  3)  lies  above  the  absorption  curves 
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2  and  3  of  the  phenyl  derivatives  In  only  a  comparatively 
narrow  section  of  the  spectrum  (from  490  to  580  mp), 
and  In  the  long -wave  region  It  merges  with  them  or  lies  Just 
below  them* .  On  the  other  hand,  with  compounds  contain¬ 
ing  the  N(CH})|  group,  there  Is  a  large  difference  In 
absorption  over  a  considerable  region  of  the  spectrum ;  there 
Is  a  strong  hypsochromlc  displacement  of  curves  5  and  6  of 
the  phenyl  derivatives  in  comparison  with  ihe  curve  of  the 
p-nitro-cinnamoyl  derivative  (4). 

It  should  be  noted  that  both  with  compounds  with  OCH| 
groups  and  with  compounds  with  N(CHs)|  groups,  transfer  of  the 
NOj  group  to  the  additional  benzene  ring  produced  approxi¬ 
mately  the  same  hypsochromlc  displacement  of  the  absorption 
curve  over  the  whole  of  the  spectral  region  examined. 


Pig.  2.  Absorption  spectra  of  alcohol  solutions.  4) 
p-N Itroclnnamoyl-p-amlnodimethylanlllne,  5) 
p-nltro-  a-phcnylcinnamoyl-p-aminodlmethyl- 
aniline,  6)  a-(p-nltrophenyl)-clnnamoyl-p- 
amlnodlmethylanlline,  7)  p-nltrostilbene. 


%E 


Fig.  3.  Absorption  spectra  of  powder 
surfaces.  1)  p-Nltroclnnamoyl-p- 
anlsldlne,  2)  p-nitro-a-phenylclnnamoyl- 
p-anlsldine,  3)  a-(p-nitrophenyl)-cin- 
namoyl-p-anlsidine,  4)  p-nltrocinnamoyl- 
p-amlnodlmethylanlllne,  5)  p-nltro-a- 
phenylclimamoyl-p-aminodimethylaniline, 
6)  a-(p-nitrophcnyl)-cinnamoyl-p- 
aminodimethylanlllne. 


EXPERIMENTAL 

A.  Derivatives  of  p -Nitro -a  -  pheny  1  - 1  r  ans - 
cinnamic  Acid  *  * 

1.  p-Nitro-g-phenyl-trans-clnnamic  acid.  This 
substance  and  the  method  of  preparing  it  have  been  described 
by  M.  Bakunin  [4].  We  prepared  it  in  the  following  way.  A 
mixture  of  16.8  g  of  p-nitrobenzaldehyde,  17.4  g  of  sodium 
phenylacetate  which  had  been  dried  at  130*  (1  mole  to  1  mole 
of  aldehyde),  and  62  ml  of  acetic  anhydride  (6  moles  to  1 
mole  of  aldehyde)  was  heated  for  6  hr  on  an  oil  bath  at  160* 
while  a  stream  of  dry  carbon  dioxide  was  passed.  The  cooled 
reaction  mixture  was  diluted  with  80  ml  of  water  and  heated 
to  boiling.  The  mixture  was  then  cooled  and  the  precipitate 
collected.  Recrystallization  from  alcohol  yielded  13.5  g 
(45.5‘^S»)  of  a  pale  yellow  substance  with  m.p.  204-212.5**  *  *  . 
Recrystallization  from  the  same  solvent  did  not  improve  the 
melting  point  appreciably  (10.65  g,  m.p.  206-213*). 

Fractional  crystallization  from  alcohol  yielded  7.5  g  of  pale 
yellow  crystals  with  m.p.  213.5-215.5*  (literature  data:  m.p. 
213-214*  [4]  and  2ir  [5]). 

The  acid  chloride  of  the  above  acid  was  prepared  by 
alternate  introduction  of  acid  and  an  equlmolecular  amount 
of  phosphorus  pentachloride  to  gently  heated  phosphorus 
oxychloride.  A  fter  removal  of  the  phosphorus  oxychloride  in 
vacuum,  the  acid  chloride,  which  remained  as  yellow 
crystals,  was  dissolved  in  toluene  and  this  solution  used  for 
reactions  with  amines. 

2.  NHP'Nitro-a-phenyl-trans-cinnamoyU-p-ani- 
sldlne.  A  solution  of  2.3  g  of  p-anisidine  in  50  ml  of  water 
and  1.5  ml  of  37*70  hydrochloric  acid  was  prepared.  A 
toluene  solution  of  the  acid  chloride  obtained  from  5  g  of 
p-nitro-a-phenyl-trans-cinnamic  acid  and  then  4  g  of 
sodium  bicarbonate  were  added.  After  prolonged  shaking  of 
the  reaction  mixture,  the  precipitate  was  collected  and  then 


*On  visual  comparison,  the  color  of  powdered  p-nitrocinnamoyl-p-aminodimethylaniline  (light  yellow)  seemed  even 
higher  than  that  of  the  phenyl  derivatives  (bright  yellow). 

*  *The  student  L.  G,  Sergeeva  helped  with  the  preparation  of  these  derivatives. 

*  *  *  All  the  melting  points  given  are  conected. 


mixed  first  with  l*7o  hydrochloric  acid  solution  and  then,  after  filtration  from  this  solution,  with  1*^  ammonia  solution. 

We  obtained  4.5  g  (65*7o)  of  product.  Recrystallization  from  alcohol  (with  the  addition  of  charcoal)  and  two  recrystal¬ 
lizations  froih  acetone  yielded  yellow  needles  with  m.p.  190-190.T.  The  substance  was  sparingly  soluble  in  alcohol, 
quite  sparingly  soluble  in  benzene  and  acetone,  and  readily  soluble  in  chloroform. 

Found  N  7.63.  CrM„04N|.  Calculated  N  7.48. 

3.  N ■<P*Nitro-tx-phenvl-trans-cinnamovl)-p-aminodlmethvlaniline.  To  a  solution  of  2.55  g  of  p-amlno- 
dimethylaniline  in  5  ml  of  toluene  were  added  a  toluene  solution  of  the  acid  chloride  obtained  from  5  g  of  p-nltro- 
a-phenyl-trans -cinnamic  acid  and  a  solution  of  5  g  of  sodium  bicarbonate  in  water.  After  prolonged  shaking  of  the 
reaction  mixture,  the  precipitate  was  collected  (5.2  g,  72^)  and  recrystallized  from  benzene  and  then  twice  from 
acetone.  Bright  red  needles  with 'm.p.  200.5-201.5*  were  obtained. 

The  substance  was  difficultly  soluble  in  alcohol  and  quite  difficultly  soluble  in  benzene  and  acetone.  When 
stirred  with  10^  hydrochloric  acid,  the  red  precipitate  changed  to  a  colorless  substance,  which  became  red  again  on 
treatment  with  water.  The  color  of  the  substance  did  not  change  in  5‘5^>  hydrochloric  acid. 

Found  N  10.77.  C^HjiOjN,.  Calculated  N  10.85. 

B.  Derivatives  of  a -(p-Nitrophenyl)-trans-cinnamic  Acid 

4.  a-(p-Nitrophenyl)-trans-cinnamlc  acid.  We  prepared  this  substance  according  to  literature  directions  [6], 
but  with  slight  modifications.  A  mixture  of  20  g  of  p-nltrophenylacetic  acid,  7.05  g  of  benzaldehyde  (1.2  mole  to 

1  mole  of  acid),  7  g  of  anhydrous  sodium  acetate  (1.55  mole  to  1  mole  of  acid),  and  32  ml  of  acetic  anhydride  (6.2 
moles  to  1  mole  of  acid)  was  heated  on  an  oil  bath  for  12  hr  at  170*  with  a  sueam  of  dry  carbon  dioxide  passed.  The 
reaction  mixture  was  then  poured  into  200  ml  of  water.  When  the  oil  liberated  had  recrystallized,  the  precipitate  was 
collected  and  dissolved  in  500  ml  of  hot  water  with  sodium  carbonate  added  to  an  alkaline  reaction  to  litmus.  After 
the  considerable  amount  of  tar  formed  had  been  removed,  the  filtrate  was  acidified  with  hydrochloric  acid  and  the 
precipitate  collected  and  dried  (19.6  g,  66^0,  m.p.  195-217*).  Recrystallization  from  alcohol  with  charcoal  added 
gave  11  g  (37^)  of  almost  colorless  needles  with  m.p.  227.5-229*  (capillary  introduced  into  the  bath  at  210*  and 
melting  point  reached  after  15  min).  Literature  data;  m.p.  224.5*  [7]  and  228*  [8]. 

The  acid  chloride  of  the  above  acid  was  prepared  by  adding  it  with  an  equimolecular  amount  of  phosphorus 
pentachloride  to  heated  phosphorus  oxychloride.  There  was  considerable  tar  formation  during  the  removal  of  the 
phosphorus  oxychloride  in  vacuum,  and  the  residue  consisted  of  a  viscous  red  mass,  which  was  extracted  with  boiling 
ligroln  (b.p.  80-95*).  From  the  filtrate  we  isolated  light  orange  crystals  of  the  acid  chloride  (m.p.  ~105-115*),  which 
were  used  for  reactions  with  amines  after  drying  in  a  vacuum  desiccator.  The  yield  was  40-50%. 

5.  N-[a-<p-Nitrophenvl)-trans-cinnamoyl]-p-anisidine.  To  a  solution  of  1.0  g  of  p-anisldine  in  5  ml  of  benzene 
was  added  a  solution  of  2.3  g  of  the  acid  chloride  of  a-(p-nltrophenyl)-trans-clnnamlc  acid  in  20  ml  of  benzene  and 
then  a  solution  1.5  g  of  sodium  bicarbonate  in  20  ml  of  water.  After  the  reaction  mixture  had  been  shaken  for  30  min, 
the  yellow  precipitate  was  collected  (2.38  g,  78%)  and  recrystallized  from  acetone  diluted  with  water,  then  from 
benzene,  and  finally  from  alcohol.  The  yellow  needles  had  m.p.  181.5-182*.  The  substance  was  quite  difficultly 
soluble  in  alcohol,  more  readily  soluble  in  benzene,  and  readily  soluble  in  acetone. 

Found  %:  N  7.60.  CaHi,04N2.  Calculated  %:  N  7.48. 

6.  N-[a-(p-Nitrophenvl)-trans-cinnamovl]-p-aminodimethylaniline.  This  substance  was  obtained  analogously 
to  the  previous  one  from  0.85  g  of  p-aminodimethylaniline  and  1.8  g  of  the  r.cid  chloride.  The  orange  precipitate 
which  separated  (1.51  g,  63%)  was  collected  and  recrystallized  twice  from  j  kohol.  The  bright  red  needles  had 
m.p.  185-186.0*.  The  substance  was  quite  difficultly  soluble  in  alcohol  and  readily  soluble  in  benzene  and  acetone. 

Found  %:  N  11.13.  CsjHjiOjNj.  Calculated  %;  N  10.85. 

Measurement  of  the  absorption  spectra  of  solutions  and  the  absorption  spectra  of  the  surface  of  powdered  solids. 
The  absorption  spectra  of  solutions  was  measured  on  a  Beckmann  photoelectric  spectrophotometer.  The  measurements 
were  made  with  alcohol  solutions  with  concentrations  of  10"*  M. 

For  measurement  of  the  reflection  spectra,  finely  ground  powder  of  the  substance  was  rubbed  on  to  semlwhatman* 
paper  and  the  amount  of  monochromatic  light  of  various  wavelengths  reflected  from  the  powder  surface  compared  with 
the  amount  of  light  reflected  from  magnesium  oxide  (which  was  taken  as  100%)  by  means  of  a  photocell.  The 
•  Term  not  verified  —  Publisher. 
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percentage  of  reflected  light  found  (%  R)  for  all  wavelengths  was  used  to  find  the  percentage  of  light  absorbed  by  the 
surface  0>  E)  and  then  the  absorption  curve  of  the  powdered  surface  constructed  with  ^  E  plotted  along  the  ordinate 
axis,  as  was  recently  proposed  by  V.  A.  Izmail'skli  and  V,  E.  Limanov  [9], 

The  author  is  very  grateful  to  V.  A.  Izmall'skii  for  continuous  interest  in  the  work  and  E.  A,  Smirnov  for 
providing  spectroscopic  data. 

SUMMARY 

1.  For  studying  the  effect  of  elaboration  of  the  structure  of  the  electrophilic  chromophoric  system  BK  (with  the 
electron -donor  system  AK  remaining  unchanged)  in  p-nitrocinnamoyl  arylamides  on  the  color,  we  prepared  arylamides 
of  p-nltro-a-phenylclnnamlc  and  a-(p-nltrophenyl)“Clnnamic  acids,  where  A  =  OCH),  N(CHs)|  in  the  position  para 

to  the— CO— NH  groups. 

2.  The  absorption  spectra  of  alcohol  solutions  and  the  absorption  spectra  of  the  surface  of  the  powdered 
substances  were  measured.  These  spectra  were  compared  with  the  spectra  of  the  corresponding  p-nltroclnnamoyl 
derivatives. 

3.  It  was  established  that  th''  introduction  of  an  additional  benzene  ring  into  the  a -position  of  p-nitrocinnamoyl- 
arylamides  produces  a  hypsochromic  displacement  of  the  absorption  curve  of  alcohol  solutions  in  the  visible  and 
adjacent  ultraviolet  parts  of  the  spectrum  .with  an  increase  in  the  absorption  at  shorter  wavelengths. 

The  transfer  of  the  nltro  group  to  this  additional  benzene  ring  produces  a  further  hypsochromic  displacement 
of  the  absorption  curves  and  also  a  further  increase  in  the  absorption  at  shorter  wavelengths. 

4.  Analogous  phenomena  were  observed  with  the  absorption  spectra  of  the  surface  of  the  solid  substances  (as 
powders):  There  was  a  hypsochromic  displacement  of  the  absorption  curve  with  derivatives  with  formula  (H)  and  a 
further  hypsochromic  displacement  with  derivatives  with  formula  (HI). 

5.  These  phenomena  were  explained  on  the  basis  of  an  analysis  of  structural  effects  on  the  spectrum. 
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We  previously  reported  [1]  the  synthesis  of  2-amino-2' -hydroxy-5' -methylazoxybenzene  (III)  by  hydrazinolysis 
of  2-phthaloylamino-2' -hydroxy-5' -methylazoxybenzene.  In  view  of  the  results  of  Italian  authors  [2,  3]  on  the 
catalytic  reduction  of  2-nitrophenylazoxybenzene  to  2-aminophenylazoxybenzene,  we  decided  to  apply  this  method 
to  azoxy  compounds  which  could  be  obtained  by  oxidation  of  2-nitro-2' -hydroxy-5' -methylazobenzene  (I). 

On  oxidation  of  2-nitro-2' -hydroxy-5' -methylazobenzene  with  peracetic  acid,  we  isolated  only  one  azoxy 
compound.  On  reduction  with  hydrogen  in  the  presence  of  platinum  oxide,  the  latter  gave  the  corresponding  amine, 
which  was  found  to  be  identical  with  the  amine  obtained  by  hydrazinolysis  of  2-phthaloylamino-2' -hydroxy-5' - 
methylazoxybenzene. 


(Ill) 


The  constancy  of  the  properties  of  (III)  and  2-phthaloylamino-2' -hydroxy-5' -methylazoxybenzene  (V)  after 
many  purifications  and  also  the  results  of  chromatographic  investigations  under  a  wide  range  of  conditions  indicated 
that  we  had  one  of  the  possible  isomers  of  the  azoxy  compound. 

In  order  to  determine  the  position  of  the  oxygen  in  the  azoxy  group  more  accurately,  we  brominated  under 
identical  conditions  2-phthaloylamino-2' -hydroxy-5' -methylazoxybenzene  (V)  and  the  two  isomers  of  benzeneazoxy- 
p-cresol  (VI)  and  (VII),  which  have  accurately  determined  structures  [4].  It  was  found  that(V)  and  the  6 -isomer 
(Vn)  were  not  brominated,  while  the  a -isomer  (VI)  gave  a  good  yield  of  2-hydroxy-3-bromo-5-methylazoxybenzene 
(vni). 

On  the  basis  of  the  general  property  of  o-hydroxy  azoxy  compounds  [8]  not  tc  undergo  substitution  under  mild 
conditions  in  the  nucleus  containing  the  hydroxyl  group  and  adjacent  to  the  oxygen  of  the  azoxy  group.  2-phthaloyl- 
amino-2' -hydroxy-5' -methylazoxybenzene  and  also  2-amino-2' -hydroxy-5' -methylazoxybenzene  must  be  assigned 
the  structure  of  8 -isomers*  (V  and  III,  respectively). 


•For  denoting  a-  and  0-isomers,  the  numbering  in  the  azoxy  compounds  starts  from  the  nucleus  without  the 
hydroxyl. 
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We  arrived  at  the  same  conclusion  on  comparing  2-bromo-2' -hydroxy-5’ -methylazoxybenzene  (IX)  obtained 
from  substance  (in)  by  diazotization  and  replacement  of  the  diazo  group  by  bromine  with  2-bromo-2’ -hydroxy -5*- 
methylazoxybenzene  obtained  by  oxidation  of  2-bromo-2' -hydroxy-5’ -methylazoxybenzene  (X).  The  two  products 
were  found  to  be  identical.  In  addition,  they  were  not  brominated  under  mild  conditions  by  the  stoichiometric  amount 
of  bromine,  which  again  confirms  the  accuracy  of  the  structures  proposed  in  which  the  oxygen  of  the  azoxy  group  is 
attached  to  the  nitrogen  in  the  position  ortho  to  the  hydroxyl. 
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Some  additional  data  supporting  the  structure  proposed  were  obtained  by  comparing  the  half-wave  potentials* 
of  2-amino-2’ -hydroxy-5’ -methylazoxybenzene  (III),  2-phthaloylamino-2’ -hydroxy-5' -methylazoxybenzene  (V) 
and  the  two  isomers  of  benzeneazoxy-p-cresol  (VI  and  VII),  which  are  given  in  the  table. 

Half-Wave  Potentials  of  2-Amino-2’ -hydroxy-5’ -methylazoxybenzene  (HI), 
2-Phthaloylamino-2’ -hydroxy-5’ -methylazoxybenzene  (V),  and  the  a  -  (VI) 
and  6-  (VII)  Isomers  of  Benzeneazoxy-p-cresol 


Half-wave 
potential,  Ei)i(v) 


2-Amino-2’  -hydroxy-5’  -methylazoxybenzene  (HI)  0.848 

2-Phthaloyl-2'  -hydroxy-5’  -methylazoxybenzene  (V)  0.802 

6 -Isomer  of  benzeneazoxy-p-cresol  (VII)  0.832 

a -Isomer  of  benzeneazoxy-p-cresol  (VI)  0.938 

As  the  data  in  the  table  show,  the  half-wave  potentials  of  the  compounds  we  synthesized  were  closer  to  those 
of  the  6  -isomer. 

For  unsymmeuical  azoxy  compounds,  it  seems  advantageous  to  us  to  use  the  nomenclature  proposed  by  Brough, 
Lythgoe,  and  Waterhouse  [5].  For  example,  according  to  this  nomenclature  the  6 -isomer  of  2-amino-2’ -hydroxy-5’’ 
methylazoxybenzene  should  be  called  2-(2-aminophenylazoxy)-4-methylphenol. 

EXPERIMENTAL 

2-N itro-2’  -hydroxy-b’ -methylazobenzene  (I)  was  synthesized  by  diazotization  of  o-nitroaniline  and  coupling 
with  p-cresol  in  a  sodium  carbonate-alcohol  medium.  The  product  was  purified  by  recipitation  with  ligroin  from 
chloroform  solution.  It  had  m.p.  108-110*.  Literature  data  [6]:  m.p.  107-108* 

*The  polarographic  investigation  was  made  by  Yu.  1.  Vainshtein  and  M.  D.  Shirokova. 
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Found  %  C  60.61.  60.68;  H  4.42,  4.47.  CnHuOjN,.  Calculated  °hx  C  60.7;  H  4.2. 

2-(2-Nltrophenylazoxy)-4-methylphenol  (II).  To  a  solution  of  3.2  g  (0.012  mole)  of  2-nltro-2* -hydroxy-5' - 
methylazobenzene  in  150  ml  of  glacial  acetic  acid  was  added  40  ml  (0.35  mole)  of  30%  hydrogen  peroxide  and  the 
mixture  heated  at  75*  for  18  hr.  The  color  of  the  solution  gradually  changed  from  dark  red  to  orange.  After  filtration, 
the  solution  was  poured  onto  400  g  of  ice.  The  product  liberated  was  washed  with  distilled  water  on  a  filter  until  the 
filtrate  no  longer  had  an  acid  reaction  to  Congo  Red,  dried  on  the  filter,  dissolved  in  100  ml  of  methanol,  precipitated 
with  30  ml  of  water,  and  dried  in  a  vacuum  desiccator  over  calcium  chloride  and  phosphorus  pentoxide.  We  obtained 
1.0  g  (30%)  of  product,  which  consisted  of  a  yellow  powder  with  m.p.  102-103*.  It  was  readily  soluble  in  methanol, 
ethanol,  chloroform,  benzene,  ether,  and  other  organic  solvents;  it  was  sparingly  soluble  in  water. 

Found  %:  C  57.01,  57.24;  H  4.43,  4.36.  CUH11O4N,.  Calculated  %:  C  57.1;  H  4.0. 

2-(2-Aminophenylazoxy)-4-methylphenol  (III).  A  suspension  of  0.2  g  of  platinum  oxide  in  20  ml  of  diethyl 
ether  was  shaken  with  hydrogen  until  absorption  ceased  (20  min).  Then  a  solution  of  0.4  g  (0.0015  mole)  of  2-<2-nitro- 
phenylazoxy)-4-methylphenol  in  100  ml  of  diethyl  ether  was  added  to  the  suspension  and  shaking  with  hydrogen  at 
room  temperature  continued  until  the  absorption  of  hydrogen  ceased  (1.5-2  hr).  The  solution  was  separated  from  the 
catalyst  by  filtration  and  saturated  with  dry  hydrogen  chloride.  The  precipitate  was  washed  with  ether  and  dissolved 
in  water  and  the  solution  neutralized  to  pH  7  with  sodium  bicarbonate.  The  amine  (HI)  liberated  was  recrystallized 
from  30  ml  of  dilute  (1:  2)  aqueous  alcohol  and  dried  in  a  vacuum  desiccator  over  calcium  chloride  and  phosphorus 
pentoxide. 

The  weight  was  0.04  g  (11%)  and  the  m.p.  125.5*.  The  melting  point  of  the  amine  obtained  by  hydrazinolysis 
was  126*  [1].  The  melting  point  of  a  mixture  was  125.5*. 

Found  %:  C  63.95,  64.0;  H  5.62,  5.69;  N  17.5,  17.36.  Gi,HijO,Nj.  Calculated  %;  C  64.19;  H  5.35;  N  17.28. 

Bromination  of  a-benzeneazoxy-p-cresol  (VI).  To  a  solution  of  0.4  g  (0.00175  mole)  of  a-benzeneazoxy-p- 
cresol  [4]  in  10  ml  of  chloroform  was  added  0.28  g  (0.00175  mole)  of  bromine.  The  solution  was  shaken  for  20  min 
and  then  poured  into  a  Petri  dish  and  evaporated  to  dryness.  The  residue  was  washed  with  50  ml  of  36%  sodium 
bisulfite  solution  and  then  50  ml  of  water,  dried  on  a  filter,  and  recrystallized  from  150  ml  of  ligroin.  The  weight 
was  0.3  g  and  the  m.p.  145-146*.  Literature  data  [4]:  m.p.  144*. 

Found  %  :  C  51.23,  51.02;  H  3.91,  3.9.  Ci,HiiO,N,Br.  Calculated  %;  C  50.81;  H  3.58. 

Bromination  of  0 -benzeneazoxy-p-cresol  (VH).  A  0.4-g  sample  (0.00175  mole)  of  0-benzeneazoxy-p-cresol 
was  brominated  analogously  to  the  ot-isomer.The  product  after  bromination  was  recrystallized  from  45  ml  of  ethanol. 
The  weight  was  0.23  g  and  the  m.p.  123.5*.  A  mixture  with  the  original  (VH)  melted  at  123.5*. 

Found  %:  C  68.28,  68.37;  H  5.65,  5.62.  CuHijOjN,.  Calculated  %;  C  68.4;  H  5.26. 

Bromination  of  2-<2-phthaloylaminophenolazoxy)-4-methylphenol  (V).  A  0.4- g  sample  (0.00106  mole)  of 
2-phthaloylamino-2’ -hydroxy-5* -methylazoxybenzene  [1]  was  brominated  analogously  to  the  a-isomer  of  benzene- 
azoxy-p-cresol.  After  bromination,  the  product  was  recrystallized  from  40  ml  of  a  dioxane-water  mixture  (3: 1).  The 
weight  was  0.1  g  and  the  m.p.  150*.  Substance  (V)  melted  at  150*.  A  mixture  with  the  starting  (V)  melted  at  the 
same  temperature. 

Found  %;  C  67.45,  67.35;  H  4.07,  4.36.  C21H15O4N8.  Calculated  %:  C  67.56;  H  4.02. 

2-(2-Bromophenylazoxy)-4-methylphenol  (IX)  from  2-(2-aminophenylazoxy)-4-methylphenol  (III).  A  0.8-g 
sample  (0.0033  mole)  of  2-(2-aminophenylazoxy)-4-methylphenol  was  mixed  with  62.5  ml  of  407o  hydrobromlc 
acid;  the  mixture  was  cooled  to  0-2*  and  a  solution  of  sodium  nitrite  [0.25  g  (0.0033  mole)  in  10  ml  of  water]  added 
with  stirring.  The  temperature  was  kept  within  the  range  0-3". 

For  the  preparation  of  cuprous  bromide,  a  mixture  of  1.1  g  of  copper  sulfate  pentahydrate,  0.32  g  of  copper 
turnings,  2.4  g  of  sodium  bromide,  0.32  ml  of  concentrated  sulfuric  acid,  and  16  ml  of  water  was  heated  under  reflux 
for  4  hr  and  then  ~0.5  g  of  sodium  sulfite  added.  The  solution  of  the  diazonium  hydrobromide  was  added  slowly 
with  stirring  to  the  cuprous  bromide  at  20-25*.  The  reaction  mixture  was  stirred  for  2-3  hr  and  the  precipitate 
collected,  washed  with  water  (~50  ml),  and  successively  recrystallized  twice  from  aqueous  (1;  1)  acetone  (90  and 
20  ml)  and  twice  from  dUute  (1:  1)  aqueous  alcohol  (28  and  16  ml).  We  obtained  0.03  g  (3%)  of  product  with  m.p. 
95.5-96*.  A  mixture  with  2-(2-bromophenylazoxy)-4-methyiphenol  obtained  by  oxidation  of  the  corresponding 
azo  compound  melted  at  95.5-96*. 
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Found  C  51.02,  51.20;  H  4.1,  3.9.  Ci,HuO,N,Br.  Calculated*^:  C  50.81;  H  3.58. 

2  •(2-Bromophenylazoxv)-4-meihylphenol  (IX)  from  2-bromo-2* -hydroxy-5* -methylazobenzene  (X).  2-Bromo- 
2* -hydroxy-5' -methylazobenzene  was  synthesized  according  to  data  in  [7]  and  purified  by  successive  recrystallizations 
from  acetic  acid  and  methanol.  It  had  m.p.  114*.  Literature  data  [7]:  m.p.  116*.  The  melting  point  of  the  acetyl 
derivative  was  85-86*.  Literature  data  [7]:  m.p.  85*. 

To  a  solution  of  1.4  g  (0.0049  mole)  of  2-bromo-2' -hydroxy-5' -methylazobenzene  in  100  ml  of  glacial  acetic 
acid  was  added  16.7  ml  (0.14  mole)  of  30^  hydrogen  peroxide  and  the  mixture  heated  at  70-80*  for  18  hr. 

The  oxidation  and  isolation  of  the  product  were  analogous  to  the  oxidation  of  2-nitro-2' -hydroxy -5' -methylazo¬ 
benzene  (I)  (see  above).  The  product  isolated  was  dried  on  a  filter  and  recrystallized  from  40  ml  of  a  mixture  of 
acetone  and  water  (3:  1).  We  obtained  0.2  g  (15*^)  of  product  with  m.p.  96*,  which  formed  yellow  scales.  It  was 
readily  soluble  in  ethanol,  methanol,  chloroform,  benzene,  acetone,  and  other  organic  solvents;  it  was  sparingly 
soluble  in  water. 

Found  C  51.03,  51.02;  H  4.17,  4.07.  CnHiiO|N|Br.  Calculated*^;  C  50.81;  H  3.58. 

Bromination  by  the  method  in  [8]  yielded  only  the  starting  (DC).  A  mixture  melted  at  96*. 

round C  51.02,  51.20;  H  4.1,  4.0.  Ci,HiiO,N,Br.  Calculated*^;  C  50.81;  H  3.58. 

Chromatographic  investigation.  Descending  chromatography  on  chromatography  paper  (slow)  was  used.  The 
following  solvents  were  used  for  elution:  ligroin  saturated  with  80*^  methanol,  butanol— acetic  acid— water  (4:  1:  5), 
phenol  saturated  with  water,  water— trimethylcarbinol  azeotrope,  isoamyl  alcohol— xylene  (2;  8)  saturated  with  water, 
xylene~ methanol  (2:  8)  saturated  with  water,  heptane  saturated  with  80*^  methanol,  ethyl  acetate— acetic  acid— water 
(4:  1:  1),  and  60*!%>  alcohol.  Only  one  spot  was  found  on  all  chromatograms  of  substances  (III)  and  (V). 

SUMMARY 

1.  It  was  established  that  the  2-phthaloylamino-2* -hydroxy-5' -methylazoxybenzene  was  the  8 -isomer. 

2.  2-(2-Niuophenylazoxy)-4-methylphenol,  2-(2-aminophenylazoxy)-4-methylphenol,  and  2-(2-bromophenyl- 
azoxy)-4-methylphenol  were  synthesized. 
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There  has  recently  been  a  considerable  increase  in  interest  in  the  reactions  of  cyanamide  and  dicyanamide  with 
organic  compounds  [1-4],  which  offer  wide  possibilities  of  the  preparation  of  various  nitrogen -containing  organic 
compounds. 

The  study  of  the  reactions  of  cyanamide  with  organic  acids,  which  we  discovered,  is  of  great  interest.  We 
showed  that  with  the  first  members  ofthe  homologous  series,  the  reaction  forms  amides  and  monoureides  of  the  acids. 

It  was  established  that  the  yield  of  the  amides  increases  and  the  yield  of  the  monoureide  decreases  with  an  increase 
in  the  molecular  weight  of  the  acid. 

It  was  desirable  to  determine  the  direction  of  the  reaction  between  cyanamide  and  higher  aliphatic  acids.  We 
used  enanthic,  pelargonic,  lauric,  palmitic,  and  stearic  acids  for  the  investigation.  Cyanamide  and  the  appropriate 
acid  were  taken  in  a  molar  ratio  of  1:  2.  A  solution  of  cyanamide  in  dioxane  was  added  to  the  acid  studied.  The 
reaction  mixture  was  heated  for  2.5-3  hr  on  an  asbestos  mantle.  The  main  reaction  product  in  all  cases  was  the 
amide. 

According  to  Rahman  [5,  6],  urea  decomposes  at  140*  and  above  in  the  presence  of  carboxylic  acids  to  form 
cyanic  acid,  which  readily  isomerizes  to  isocyanic  acid.  The  latter  reacts  with  carboxylic  acids  to  form  an  unstable 
intermediate  product,  which  decomposes  to  liberate  carbon  dioxide  and  form  amides. 

Considering  the  complete  analytical  data  on  the  products  of  the  reactions  we  investigated  and  also  Rahman’s 
data,  the  formation  of  amides  from  higher  aliphatic  acids  and  cyanamide  may  be  represented  by  the  following 
scheme: 

2RCOOH  +  NH2CN  — >  (RC0)20  +  NII2CONH2 
RCOOH  +  NH2CONH2  — ►  RCONn2-f  NH3-f-C02 

In  actual  fact,  the  final  reaction  products  were  the  amide,  ammonia,  and  carbon  dioxide.  By  combining,  the 
latter  formed  the  ammonium  salt  of  the  corresponding  acid  and  also  ammonium  carbamate,  which  condensed  in  the 
condenser  (3%).  The  cyanic  acid  polymerized  to  cyanuric  acid,  which  was  sometimes  formed  in  considerable 
amounts.  The  absence  of  an  appreciable  amount  of  ureides  from  the  reaction  products  of  cyanamide  and  higher 
aliphatic  acids  may  be  explained  by  the  decomposition  of  urea  under  the  reaction  conditions  in  the  directions  given 
above  and  also  a  fall  in  the  rate  of  reaction  of  acid  anhydrides  with  urea  as  their  molecular  weight  increases. 

EXPERIMENTAL 

A  20-g  sample  of  enanthic  acid  was  heated  to  160*  in  a  three-necked  flask  with  a  condenser,  dropping  funnel, 
and  thermometer.  A  solution  of  3  g  of  cyanamide  in  15  ml  of  dioxane  was  added  in  small  portions  to  the  heated  acid. 
When  all  the  cyanamide  had  been  added,  the  temperature  of  the  reaction  mixture  was  reduced  to  145*.  The 
cessation  of  carbon  dioxide  liberation  at  145-148*  indicated  the  end  of  the  reaction.  At  the  end  of  the  reaction, 
white  crystals  of  ammonium  carbamate  had  formed  on  the  walls  of  the  reflux  condenser  and  crystals  of  the  amide 
were  deposited  on  the  walls  of  the  reaction  vessel.  At  the  end  of  the  heating,  the  contents  of  the  flask  were  cooled. 
The  white  precipitate  which  formed  during  the  reaction  (1.6  g)  was  cyanuric  acid  according  to  its  chemical  reactions 
(formation  of  melamine  cyanurate)  and  analysis.  The  dioxane  and  excess  acid  were  distilled  from  the  filtrate  in  vacu¬ 
um.  The  residue  of  amide,  which  solidified  on  cooling,  was  recrystallized  from  methanol. 
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The  amide  of  pelargonic  acid  was  prepared  under  the  same  conditions,  except  that  the  reaction  temperature 
was  138-140*«  A  small  amount  of  the  monoureide  of  pelargonic  acid  was  isolated  in  addition  to  the  amide. 

The  amide  of  lauric  acid  was  obtained  at  160-200*.  The  reaction  was  carried  out  with  the  simultaneous 
distillation  of  dioxane.  The  amide  was  recrystallized  from  methanol.  For  the  complete  isolation  of  the  amide  of 
lauric  acid,  water  was  added  to  the  filtrate  from  the  second  recrystallization  and  white  crystals  precipitated. 

The  reactions  with  palmitic  and  stearic  acids  were  analogous  to  that  with  lauric  acid.  The  experimental  data 
are  given  in  the  table. 


Sample 

No. 

Substance 

Melting 

point 

•/. 

N 

Amide 

yield 

found 

calcu¬ 

lated 

1 

Amide  of  enanthic  acid 

94-9.5® 

10.6 

iO.O 

llA 

2 

^mide  of  pelargonic  acid 

98-100 

8.6 

8.9 

43 

3 

^mide  of  lauric  acid 

99-100 

lA 

7.02 

86.0 

4 

Amide  of  palmitic  acid 

10.5—106 

5.6 

5.48 

86.7 

5 

Amide  of  stearic  acid 

109—110 

4.89 

4.93 

94.7 

(i 

S4onoureide  of  pelargonic  acid 

180-186 

14.9 

14.7 

2 

SUMMARY 

1.  The  reactions  of  cyanamide  with  the  higher  aliphatic  acids  enanthic,  pelargonic,  lauric,  palmitic,  and 
stearic  acids  were  studied, and  a  new  method  was  proposed  for  the  preparation  of  amides  of  higher  aliphatic  acids. 

2.  A  mechanism  is  proposed  for  the  reaction  of  cyanamide  with  higher  monobasic  unsubstituted  aliphatic  acids. 
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Doubly  charged  cations  of  malachite  green  and  its  derivatives  which  do  not  contain  substituents  in  a  position 
ortho  to  the  central  carbon  atom  (cations  *A*)  are  extremely  unstable  and  undergo  further  conversions  as  was  reported, 
in  particular,  in  a  previous  communication  [1].  In  recent  years  papers  [2,  3]  have  appeared  in  which  it  was  stated  that 
these  conversions,  which  lead  to  the  formation  of  colorless,  doubly  charged  ammonium  ions  (cations  "Bf*).  are  con¬ 
nected  with  the  slow  addition  of  a  water  molecule  to  the  doubly  charged  cation  and  this  process  Is  reversible.  Thus, 
the  slow  nature  of  the  formation  of  colorless  compounds  from  doubly  charged  cations  of  malachite  green  and  its 
derivatives  and  the  formation  of  the  latter  from  the  cations  *B|*  are  connected  with  single-stage  hydration  and 
dehydration  processes. 


•'ofi 


(CH3)2N-<3^C-0H 

6^ 


•B" 


H-NfCH,), 


•B,* 
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These  opinions,  with  which,  however,  we  cannot  agree,  are  presented  in  greatest  detail  by  Cigen  [4]. 

Like  the  singly  charged  cations  "C*,  the  doubly  charged  cations  "A"  are  conjugated  carbonium  ions.  A 
characteristic  of  the  doubly  charged  cations  is  that  they  may  undergo  hydrolysis  in  two  directions,  namely,  to  form 
ions  of  the  dye  *C*  and  colorless,  singly  charged  cations  *6}*  with  the  first  process  occurring  instantaneously  and  the 
second  comparatively  slowly.  Since,  as  will  be  shown  below,  the  basicity  constants  of  the  dimethylamino  groups  in 
amlnotriphenylcarbinols  and  also  in  the  colorless,  singly  charged  cations  are  hundreds  and  thousands  of  times 
greater  than  the  basicity  constants  of  dimethylamino  groups  in  the  singly  charged  cations  (Kq*),  under  the  conditions 
under  which  the  singly  charged  cations  are  converted  into  the  doubly  charged  cations,  the  cations  naturally 
cannot  exist  and  are  immediately  converted  into  the  cations  "Bj".  The  conversions  given  above  are  shown  Inscheme  2. 

Thus,  the  conversion  of  the  cation  "C*  to  the  cation  "B|*  is  an  example  of  a  three-stage  acld—base  interaction, 
with  the  first  and  third  stages  occurring  instantaneously  and  the  second  comparatively  slowly.  The  process  as  a  whole 
may  be  characterized  by  the  composite  equilibrium  constant  K^,  which  is  the  product  of  the  three  constants,  namely; 


K 


0 


^0  ’ 


(3) 


If  a  solution  of  malachite  green  or  its  derivatives  is  added  to  a  buffer  solution  whose  pH  value  equals  0.5 -1.0, 
yellow  or  yellow-orange  solutions  are  formed  first  and  these  are  rapidly  decolorized.  This  indicates  that  at  the  high 
pH  values  given,  the  acid— base  equilibrium  in  the  solutions  is  practically  completely  displaced  toward  the  colorless, 
doubly  charged  cation  *B|*.  A  different  picture  is  observed  if  the  dye  solution  is  added  to  a  buffer  solution  with  a  pH 
of  2. 0-3.0.  In  this  case  the  buffer  solution  acquires  the  bright  green  color  belonging  to  a  mixture  of  singly  and  doubly 
charged  cations  of  the  dye.  However,  this  color  gradually  changes, and  the  buffer  solutions  finally  acquire  the  color 
characteristic  of  singly  charged  cations.  This  shows  that  in  the  solution  there  is  actually  the  equilibrium  illustrated 
by  the  following  scheme: 


HjO"" 


(4) 


A  quantitative  study  of  the  equilibrium  (4)  made  it  possible  to  determine  the  value  of  the  composite  equilibrium 
constant  mentioned  above.  The  values  of  we  found  for  malachite  green  and  some  of  its  derivatives  are  given  in 
Table  1. 


TABLE  1 


Constants  Characterizing  Equilibria  Involving  Singly  and  Doubly 
Charged  Cations  of  Triphenylmethane  Dyes  (i  =  18  ±  2*1 


X 

JCc  l0> 

k"  •  10"» 

H 

2.3 

3.0 

2.9 

ji-OGHa 

2.0 

6.0 

1.6 

JK-Cl 

2.0 

2.5 

7.9 

p-Cl 

3.2 

2.5 

4.0 

Bodforss  and  Cigen  [2,  4]  proposed  a  series  of  constants  for  characterizing  the  different  conversions  of  tri¬ 
phenylmethane  dyes  in  solution  on  the  basis  of  very  complex  arguments  with  the  derivation  of  more  than  60 
formulas.  Naturally  these  constants  are  different  from  those  which  we  use, as  the  scheme  for  the  conversions  of  tri¬ 
phenylmethane  dyes  developed  by  Bodforss  and  Cigen  differs  from  ours.  However,  as  was  to  be  expected,  it  is  possible 
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to  convert  the  constants  calculated  by  Cigen  [4]  into  the  constants  given  in  Table  1.  These  conversions  were  carried 
out  for  the  constants  of  malachite  green,  whose  reactions  were  investigated  by  both  Cigen  and  ourselves. 

A  comparison  of  Cigen's  data  with  ours  shows,  for  example,  that  the  constant  should  correspond  to  the 
product  of  two  constants  found  by  Cigen  and  denoted  by  him  by  the  symbols  K|  and  K«.  By  multiplying  the  values  of 
the  latter  for  malachite  green,  we  obtained  the  value  1.8*10'^,  which  agrees  quite  satisfactorily  with  the  values  of 
given  in  Table  1. 

As  scheme  (2)  shows,  may  be  characterized  not  only  by  Eq.  (3),  but  also  by  the  equation: 


A  comparison  of  the  structures  of  the  carbinol  "B*  and  the  colorless  cation  "B^”  shows  that  for  the  two  compounds 
the  basicity  constants  of  the  dimethylamino  groups  should  be  practically  the  same  (Kq^  =  Kq").  If  we  make  this 
assumption,  Eq.  (5)  may  be  rearranged  to  the  equation 

'fh  U.J  («) 

By  using  the  values  of  the  hydrolysis  constants  of  the  dyes  given  in  Table  2,  we  calculated  the  values  of  Kg” 
from  Eq.  (6)  and  these  are  also  given  in  Table  1.  As  was  to  be  expected,  the  basicity  of  the  dimethylamino  groups  in 

aminotriphenylcarbinols  differs  little  from  the  basicity  of  the 
dimethylamino  group  in  dimethylaniline  itself.  Finally,  by  using 
the  values  of  and  Kg"  and  also  the  values  of  the  basicity  constants 
of  the  dimethylamino  groups  in  the  singly  charged  cation  Kg'  which 
are  given  in  Table  2,  from  Eq.  (3)  we  calculated  the  values  of  K{|"’ 
for  the  doubly  charged  conjugated  carbonium  ions  "A”,  i.e.,  the 
constants  of  the  hydrolysis  forming  the  colorless,  singly  charged 
cations  ”Bx".  These  constants  are  also  given  in  Table  1.  Thus,  it 
was  possible  to  find  the  constants  of  all  the  equilibria  given  in 
scheme  (2)  by  calculation. 

EXPERIMENTAL 

Colorimetric  determination  of  composite  constants  Kq,  To 
100  ml  of  a  10-4  molar  soTiitTon  of  the  carbinol  in  acetone  was 
added  2  ml  of  0.1  N  hydrochloric  acid  solution.  On  the  follow¬ 
ing  day,  identical  amounts  of  this  acetone  solution  were  added  to  25-ml  portions  of  several  buffer  solutions  with  various 
pH  values.  After  equilibrium  had  been  established,  the  optical  densities  of  the  buffer  solutions  were  measured  on  an 
SF-4  spectrophotometer  at  wavelengths  of  430  and  620  mM  with  a  layer  thickness  of  10  mm.  The  results  of  the 
measurements  are  given  in  Table  3.  The  equilibrium  constants  were  calculated  from  the  equation: 


TABLE  2 


Constants  Kjj  and  Kg*  for  Dyes  of  the 
Malachite  Green  Group  at  t  =  18  i 


X 

/fh-io’ 

a;.  10- 

H 

1.2 

2.0 

jM-OCHs 

1.0 

2.0 

ji-Cl 

3.2 

1.0 

p-CI 

2.0 

1.3 

pA,  =  pH-lg-^, 


(7) 


where  a  =  r - ,  D  is  the  optical  density  of  the  solution  examined  at  620  mP  ,  and  is  the  optical  density  of  the 

^max 

solution  examined  at  the  same  wavelength  under  conditions  where  the  whole  of  the  dye  in  solution  is  present  as  the 
singly  charged  cation. 

The  carbinol  compounds  were  obtained  by  the  action  of  dilute  sodium  hydroxide  solutions  on  the  corresponding 

dyes. 

The  values  of  the  hydrolysis  constants  of  the  dyes  Ky^  and  the  basicity  constants  of  the  dimethylamino  groups  in 
the  singly  charged  cations  of  the  dyes  Kg’,  which  we  found  previously  or  in  the  present  work  by  the  methods  described 
previously  [1,  5]  and  which  were  required  for  the  calculation  of  Kg"  and  Kjj*",  are  given  in  Table  2. 
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TABLE  3 

Change  in  Optical  Density  of  Dye  Solutions  in  Relation  to  pH  at  t  =  18  i  1* 


Compound 

Amount 
of  dye 
(ml) 

pH 

■ 

■ 

pJCe 

Bls(p-dlmethylamlnophen)  l)phenyl- 
carblnol,  m.p.  120-122* 

0.2 

4.17 

2.8 

2.6 

2.4 

0.354 

0.220 

0.180 

0.138 

1.50 

0.900 

0.748 

0.580 

4.24 

4.08 

4.15 

4.20 

1.00 

0.60 

0.50 

0.39 

2.6 

2.6 

2.6 

B  is(  p  -dimethy  lamlnopheny  l)-m  - 
methoxyphenylcarblnol,  m.p.  139- 
140* 

0.1 

4.17 

2.6 

2.4 

2.2 

0.119 

0.057 

0.041 

0.030 

0.560 

0.242 

0.188 

0.134 

4.70 

4.45 

4.58 

4.62 

1.00 

0.43 

0.34 

0.24 

2.7 

2.7 

2.7 

Bis(p-dlmethylaminophenyl)-m- 
chlorophenylcarbinol,  m.p.  138- 
141* 

0.1  1 

4.21 

2.76 

2.43 

2.2 

0.191 

0.110 

0.069 

0.048 

0.898 

0.489 

0.318 

0.216 

4.70 

4.42 

4.65 

4.55 

1.00 

0.54 

0.35 

0.24 

2.7 

2.7 

2.7 

Bls(p-dimethylaminophenyl)-p- 
chlorophenylcarblnol,  m.p.  146- 
147* 

0.1 

4.2 
2.6 
2.4 

2.2 

0.129 

0.075 

0.058 

0.045 

0.607 

0.338 

0.269 

0.204 

4.72 
4.44 
4.65 
4. .55 

1.00 

0.56 

0.44 

0.34 

2.5 

2.5 

2.5 

SUMMARY 

1.  The  Interconversions  of  conjugated  carbonium  ions  of  trlphenylmethahe  dyes,  formed  from  their  carbinol 
compounds  and  colorless  ammonium  ions,  are  an  example  of  a  multistage  acid— base  interaction. 

2.  In  the  equilibrium  established  In  aqueous  solutions  of  malachite  green  and  Its  derivatives  containing 
substltuenu  In  the  para-  and  meta -positions  at  solution  pH  values  from  0  to  4,  the  concentration  of  doubly  charged 
conjugated  carbonium  ions  Is  extremely  low.  Therefore,  It  may  be  assumed  that  such  solutions  contain  practically 
only  colorless  ammonium  Ions  and  singly  charged,  colored,  conjugated  carbonium  Ions. 
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4,5-DIOL  WITH  CONCENTRATED  SULFURIC  ACID  AT  LOW  TEMPERATURE 
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Leningrad  State  University 
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January,  1961 
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One  of  us  together  with  O.  A.  Zakhar evskaya  [1]  studied  the  reaction  of  3,4,6 -trimethylhcpt-l-ync-3,4-diol 
with  dilute  sulfuric  acid  on  heating  and  obtained  an  enyne  alcohol  and  a  dimeric  product.  By  studying  the  action  of 
concentrated  sulfuric  acid  at— 10*  on  lower  homologs  of  this  glycol,  namely  trimethylacetylenylethylene  glycol 
and  3,4-dlmethylhex-l-yne-3,4-diol,  we  showed  [2]  that  under  these  conditions  the  glycols  named  are  converted  into 
substituted  tetrahydrofuranones  and  there  is  also  a  pinacolin  rearrangement  to  a  slight  extent. 

It  seemed  interesting  to  check  whether  3,4,6-trimethylhept-l -yne-3,4-dlol,  which  contains  the  branched 
isobutyl  radical,  would  undergo  an  analogous  conversion  and  to  determine  the  effect  of  replacing  the  acetylenic 
hydrogen  by  a  methyl  group  on  the  behavior  of  a  glycol  we  studied  previously,  namely  3,4-dlmethylhex-l-yne-3,4- 
dlol.  The  conversions  of  acetylenic  a -glycols  with  various  substituted  acetylenic  radicals  have  been  studied 
extensively  by  E.  D.  Venus -Danilova  and  her  students,  but  all  the  glycols  they  studied  contained  at  least  one  phenyl 
group,  while  the  glycol  we  studied  contained  only  aliphatic  radicals;  it  was  therefore  interesting  to  determine  whether 
it  would  form  a  hydroxydihydrofuran  by  the  reaction  of  E.  D.  Venus -Danilova  or  give  a  tetrahydrofuranone  like  glycols 
with  a  free  acetylenic  hydrogen. 

We  prepared  3,4,6-trimethylhept-l-yne-3,4-diol  (I)  in  86%  yield  by  condensation  of  methyllsobutylacetyl- 
carblnol  with  sodium  acetylide  in  liquid  ammonia.  The  reaction  of  this  glycol  with  concentrated  sulfuric  acid  at— 10 
to— 15*  yielded  2,3-dlmethyl-2-lsobutyl-4-oxotetrahydrofuran  (II) (scheme  1),  which  gave  a  2,4-dinitrophenylhydra- 
zone  with  m.p.  113*.  The  structure  of  this  product  was  demonstrated  by  plotting  the  infrared  spectrum. 


Scheme  1 
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Thus,  the  reaction  of  the  glycol  (I)  with  sulfuric  acid  proceeded  by  the  same  mechanism  as  in  the  case  of  the 
other  glycols  we  studied  [2].  It  is  possible  that  there  was  another  reaction  path,  namely  the  formation  of  the 
dehydration  product  and  its  condensation, as  in  addition  to  the  furanone(U).in  various  experiments  we  obtained  from 
10  to  30%  of  a  fraction  boiling  at  70-140*  (0.5  mm).  The  substance  always  resinified  during  attempts  to  isolate  an 
individual  substance  from  it  by  repeated  distillation. 

The  tetrahydrofuranone  (II)  was  found  to  be  much  more  stable  to  heating  with  alkali  solution  than  its  simpler 
homologs :  it  was  unaffected  by  either  30  or  40%  potassium  hydroxide  solution, and  it  was  decomposed  only  when 
boiled  with  50%  potassium  hydroxide  solution  under  reflux  for  1.5  hr, and  even  then  half  of  the  furanone  was  recovered. 
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The  decomposition  yielded  acetic  acid  and  a  ketone,  which  gave  a  semlcarbazone  with  m.p.  125-126*  ,  but 
did  not  give  a  crystalline  product  with  2,4-dlnltrophenylhydrazlne.  Reaction  with  the  latter  gave  a  heavy,  thick, 
dark  red  oil,  whose  analysis  corresponded  to  that  of  the  2,4-dlnltrophenylhydrazone  of  2,3-dlmethyl-2-l8obutyl-4- 
oxotetrahydrofuran. 

One  might  expect  decomposition  of  the  tetrahydrofuran  (11)  to  form  two  ketones,  namely  Isopropyl  Isobutyl 
ketone  (III)  with  migration  of  a  methyl  radical  and  3,5-dlmethylhexan-2-one  (IV)  with  migration  of  the  Isobutyl 
radical. 


((’,ll3)./.ll-CO-CH2-CII(Cll3)2 

(III) 


CH3-CO-CM-CH2— CH(CH3)2 

I 

CII3 

(IV) 


To  establish  the  structure  of  the  ketone  we  synthesized  Isopropyl  Isobutyl  ketone, and  Its  constants  coincided 
with  those  of  the  keto  we  obtained;  however,  the  reaction  of  the  ketone  (III)  with  2,4-dlnltrophenylhydrazlne  gave  an 
orange-yellow  crystalline  2,4-dinltrophenylhydrazone  and  a  semlcarbazone  with  m.p.  149-149.5*.  The  results  ob¬ 
tained  show  that  the  decomp>ositlon  of  the  furanone  (II)  with  alkali  yielded  the  ketone  (IV)  as  a  result  of  migration  of 
the  Isobutyl  radical  ,as  was  to  be  expected  since  it  is  known  that  more  complex  radicals  migrate  in  preference  to 
simpler  ones,  but  under  more  drastic  conditions  than  In  the  decomposition  of  compounds  with  simpler  radicals  [3]. 

We  prepared  3,4-dimethylhept-2-yne-3,4-dlol  (V)  by  the  reaction  of  methylethylacetylcarbinol  with  the  sodium 
derivative  of  methylacetylene  In  liquid  ammonia.  When  this  glycol  was  heated  with  a  10^  alkali  solution,  it  de¬ 
composed  to  a  keto  alcohol  and  methylacetylene.  When  hydrogenated  over  a  platinum  catalyst.  It  absorbed  104*7o 
of  the  theoretical  amount  of  hydrogen  for  a  triple  bond. 

The  reaction  of  glycol  (V)  with  concentrated  sulfuric  acid  at~10*  yielded  a  substance  which  did  not  react  with 
2,4-dinltrophenylhydrazlne,  give  a  color  with  ferric  chloride  solution,  or  decompose  when  boiled  with  30^  alkali 
solution.  This  substance  contained  one  hydroxyl  group, and  when  hydrogenated  over  a  platinum  catalyst  It  absorbed 
90%  of  the  theoretical  amount  of  hydrogen  for  a  double  bond. 

On  the  basis  of  these  properties,  namely  the  absence  of  carbonyl  and  enolic  hydroxyl  groups  and  the  ease  of 
addition  of  hydrogen  to  the  double  bond,  the  compound  obtained  must  be  assigned  the  structure  of  2,3,5-trlmethyl-2- 
cthyl-3-hydroxy-2,3-dihydrofuran  (VI). 

The  Isomerization  of  the  glycol  (V)  to  the  hydroxydlhydrofuran  (VI)  may  be  represented  by  scheme  2. 
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A  comparison  of  this  mechanism  with  the  mechanism  of  formation  of  2,3“dlmethyl“2-ethyl-4-oxotetiahydro- 
furan  (VII)  (scheme  3)  shows  that  in  both  cases  there  is  incomplete  hydration  of  the  triple  bond,  but  only  in  the  second 
case  is  the  water  molecule  added  in  the  reverse  order.because  there  is  a  methyl  group  at  the  triple  bond  of  the 
glycol  (V)  instead  of  hydrogen. 

The  structure  of  the  hydroxydihydrofuran  (VI)  was  confirmed  by  oxidation  of  the  compound  with  potassium 
permanganate,  which  gave  methyl  ethyl  ketone  and  acetic  acid. 

Thus,  though  a  hydroxydihydrofuran  was  also  obtained  in  this  case,  its  structure  differed  from  that  of  the 
hydroxydihydrofurans  obtained  by  D.  Venus-Danilova.and  consequently  the  mechanism  of  its  formation  differed 
from  that  of  the  latter.  It  seems  to  us  that  this  difference  may  be  explained  by  the  different  conditions  of  the 
reaction  of  the  glycols  with  sulfuric  acid  rather  than  the  nature  of  the  radicals  present.  Heating  with  dilute  sulfuric 
acid  of  various  concentrations  produced  a  plnacolin  or  acetylene~allene  rearrangement  with  the  subsequent  formation 
of  hydroxydihydrofurans  or  there  was  dehydration.  In  all  probability  there  was  addition  of  sulfuric  acid  at  the  triple 
bond  during  the  action  of  concentrated  sulfuric  acid;  the  ethylsulfuric  acid  thus  formed  was  either  hydrolyzed  or  the 
sulfuric  acid  was  eliminated  with  the  formation  of  an  oxygen  bridge. 

Depending  on  the  nature  of  the  hydroxyl  groups  and  whether  or  not  the  acetylenic  hydrogen  was  replaced,  in 
the  case  of  concentrated  sulfuric  acid  there  was  the  formation  of  cyclic  enols  [4],  tetrahydrofuranones,  or  hydroxy- 
dlhydrofurans. 

EXPERIMENT  A  L 

D ime th V 1  i so bu t y la c e t y len y le t hy lene  Glycol  ( 3 , 4 , 5  -  T r ime  thy Ihe pt  - 1  - y ne  -  3 , 4- d  iol)  (1) 
a nd  Its  Conversions 

M  ethylisobutylacetylenylcarbinol  was  obtained  both  by  Favorskii's  method  and  by  condensation  of  methyl 
isobutyl  ketone  with  sodium  acetylide  in  liquid  ammonia.  In  the  ftrst  case  the  yield  of  the  acetylenic  alcohol  was 
70%  on  the  average  and  in  the  second  case,  50%.  The  constants  of  the  alcohol  obtained  agreed  with  literature  data. 

Hydration  of  the  acetylenic  alcohol  by  Kucherov’s  method  gave  an  average  yield  of  methyllsobutylacetyl- 
carblnol  of  50%.  The  constants  of  the  alcohol  corresponded  to  literature  data. 

The  methyllsobutylacetylcarbinol  was  condensed  with  sodium  acetylide  in  liquid  ammonia.  The  yield  of  the 
glycol  was  86%. 

B.p.  98-99*  (8  mm),  n*®D  1.4631,  d*®4  0.9570,  MR^  48.95.  GioHi,0,P .  Calculated  49.35. 

Literature  data:  b.p.  80-83*  (3  mm),  n*°D  1.4595,  d*®4  0.9521. 

Reaction  of  dimethylisobutylacetylenylethylene  glycol  (I)  with  sulfuric  acid  (d  1.84).  A  30-g  sample  of  the 
glycol  was  added  dropwise  with  cooling  to— 10*  and  stirring  with  a  thermometer  to  200  ml  of  sulfuric  acid  in  a  300- 
ml  beaker.  The  reaction  mixture  turned  brown.  After  1.5-2  hr  the  temperature  was  raised  to  room  temperature  and 
then  the  mixture  was  poured  onto  1.5  kg  of  finely  crushed  ice.  The  solution  obtained  was  saturated  with  ammonium 
sulfate  and  extracted  with  ether,  the  extract  dried,  the  ether  removed,  and  the  residue  distilled  at  19  mm;  1st  fraction, 
b.p.  57-93*,  a  few  drops;  2nd  fraction,  b.p.  95-101*,  11  g  (35%);  3rd  fraction,  b.p.  70-140*  (0.5  mm),  10  g  (30%). 

After  redistillation,  the  2nd  fraction  had  the  following  constants: 

B.p.  99-102*  (19  mm),  n*'’D  1.4529,  d*®4  0.9303,  MRd  49.32;  calc.  47.84. 

Found  M  156.  CioHj|0|.  Calculated  M  170. 

The  substance  obtained  gave  a  2,4-dinitrophenylhydrazone  with  m.p.  113*. 

Found  %;  N  15.93,  15.96.  C16H22O5N4.  Calculated  %:  N  16.00. 

The  product  with  b.p.  99-102*  (19  mm)  obtained  decolorized  potassium  permanganate  solution  and  was 
oxidized  by  it.  The  oxidation  of  4  g  of  the  substance  consumed  0.5  g  of  KMn04.  The  oxidation  product  (3  g)  had 
b.p.  98-100*  (18  mm).  n**D  1.4529,  d*“4  0.9415,  MRq  48.70;  calc.  47.84. 

Found  %i  C  70.47,  70.46;  H  10.66,  10.74.  CioHi,0,.  Calculated  %:  C  70.58;  H  10.58. 

The  2,4-dinitrophenylhydrazone  had  m.p.  113* ;  a  mixed  melting  point  with  the  substance  obtained  previously 
was  not  depressed. 
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Infrared  spectrum  of  2,3-dlmethyl"2-lsobutyl-4-oxotetrahydrofuian;  NaCl  prism,  range  850-1720  cm"^. 

1704-1710  cm"^  ~  presence  of  carbonyl  group;  1102-1108  cm"*  -  presence  of  C“0“C  group. 

Reaction  of  2 . 3  -  D  i  me  t  h  yl  -  2  -  isobu  t  yl  te  tra  hy  d  ro  f  ur  a  n  -  4  -  one  (II)  with  50*70  Potassium 
Hydroxide  Solution 

The  tetrahydrofuranone  obtained  was  not  decomposed  by  heating  with  20  and  40*^  potassium  hydroxide  solutions. 

A  mixture  of  30  ml  of  50%  KOH  solution  and  3  g  of  the  tetrahydrofuranone  was  boiled  under  reflux  for  1.5  hr. 

The  cooled  mixture  was  extracted  with  ether,  the  extract  dried  with  potassium  carbonate,  the  ether  removed,  and  the 
residue  distilled. 

B.p.  45*  (10  mm),  143*  (atmospheric  pressure),  i^*D  1.4019,  d*°4  0.8111,  MRd  39.16 1  calc.  39.15. 

Found  %:  G  75.10,  74.94;  H  12.60,  12.80.  M  127.  C|Hi,0.  Calculated  %:  C  75.00;  H  12.50.  M  128. 

The  ketone  obtained  gave  a  2,4-dinitrophenylhydrazone  as  a  thick,  dark  red  oil. 

Found  %:  N  17.97,  18.09.  Ci4H„04N4.  Calculated*^:  N  18.18. 

The  semicarbazone  from  the  ketone  melted  at  125-126*. 

The  remaining  alkaline  solution  was  acidified  with  sulfuric  acid  and  extracted  with  ether.  The  acid  remaining 
after  drying  and  removal  of  the  ether  was  heated  with  silver  carbonate  and  the  silver  salt  obtained  was  analyzed. 

Found  %:  Ag  65.19,  64.76.  C,H,0,Ag.  Calculated  %j  Ag  64.67. 

We  prepared  isopropyl  isobutyl  ketone  by  oxidation  of  isopropylisobutylcarbinol  with  chromic  acid. 

B.p.  147-148*  (atmospheric  pressure),  i^®D  1.4109,  dF®4  1.8105. 

The  2,4-dinitrophenylhydrazone  of  the  substance  was  a  yellow  crystalline  precipitate  with  m.p.  90-91*. 

Found  %:  N  18.07,  17.95.  C14M20O4N4.  Calculated  %:  N  18.18. 

The  semicarbazone  melted  at  149-149.5*. 

4,5 -Dimethylhept-2-yne-4,5 -diol  (V)  and  Its  Conversions 

Methylethylacetylcarbinol  was  condensed  with  methylacetylene  in  liquid  ammonia  in  the  presence  of  metallic 
sodium.  After  evaporation  of  the  ammonia,  the  residue  was  decomposed  with  ammonium  chloride  solution,  the 
reaction  product  steam  distilled,  salted  out  with  potassium  carbonate,  and  extracted  with  ether,  the  extract  dried, 
the  etb»*:  removed,  and  the  residue  distilled. 

We  obtained  the  following  fractions: 

1st  with  b.p.  45-50*  (3-4  mm)“  starting  ketol  (15  g  was  recovered  out  of  73  g);  2nd  fraction,  b.p.  82-84* 

(3-4  mm),  24  g  (40%). 

Investigation  of  2nd  fraction:  B.p.  82-84*  (3-4  mm),  n*®D  1.4839,  d*®4  0.9535,  MRq  46.60.  CgHieOjF. 
Calculated  45.60. 

Found  %:  C  70.34,  70.30;  H  10.35,  10.50.  Number  of  1.95,  1.98.  M  173.  CjM^O,.  Calculated  %: 

C  69.21;  H  10.26.  Number  of  Hact.  2.  M  156. 

When  0.4074  g  of  the  glycol  (V)  was  hydrogenated  in  the  presence  of  0.15  g  of  platinum  black,  it  absorbed 
138  ml  of  hydrogen,  i.e.,  104%  of  the  theoretical  amount  for  a  triple  bond. 

Reaction  of  glycol  with  alkali  solution.  A  solution  of  1  g  of  glycol  in  30  ml  of  10%  potassium  hydroxide  solu¬ 
tion  was  distilled  slowly  and  the  methylacetylene  liberated  passed  into  Ilosvay  solution  (yellow -green  precipitate). 

The  distillate  was  found  to  contain  methylethylacetylcarbinol,  which  was  identified  as  the  2,4-dinitrophenylhydrazone. 

Reaction  of  4,5-dimethylhept-2-yne-4,5-diol  with  concentrated  sulfuric  acid.  The  reaction  was  carried  out 
under  the  conditions  described  above.  Distillation  of  the  product  obtained  yielded  10  g  (33%)  of  a  substance. 

B.p.  106-110*  (17  mm),  n*®D  1.4850,  d*®D  0.9540,  MRp  44.99.  GjHieOjP.  Calculated  44.26. 
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Found C  69.29,  69.05;  H  10.41,  10.51.  Number  0.79.  M  159.  C,Hi,0,.  Calculated*^:  C  69.21; 

H  10.24.  Number  of  Hact.  1*  M  156. 

The  hydroxydlhydrofuran  obtained,  namely  2,3,5-trlmethyl-2“ethyl-3-hydroxy-2,5-dihydrofuran  (VI),  did  not 
react  with  2,4-dlnltrophenylhydrazlne,  give  a  color  with  ferric  chloride  solution,  or  decompose  when  boiled  with  30^ 
potassium  hydroxide  solution. 

A  1.118-g  sample  of  the  hydroxydlhydrofuran  was  hydrogenated  In  the  presence  of  0.2  g  of  platinum  black. 

It  absorbed  140  ml  of  hydrogen,  l.e.,  9^  of  the  theoretical  amount  for  a  double  bond. 

Oxidation  of  the  hydroxydlhydrofuran  with  potassium  permanganate  solution  yielded  methyl  ethyl  ketone, 
which  gave  a  2,4-dlnltrophenylhydrazone  with  m.p.  109* ;  a  mixed  melting  point  with  an  authentic  sample  was  not 
depressed.  Silver  acetate  was  obtained  from  the  acid  products. 

Found  Ag  64.79,  65.03.  GjH,0,Ag.  Calculated  %  Ag  64.67. 

SUMMARY 

1.  The  reaction  of  two  acetylenic  a -glycols,  namely  3,4,6-trlmethyl-hept-l-yne-3,4-dlol  and  3,4-dlmethyl- 
hept-2-yne-3,4-dlol,  with  concentrated  sulfuric  acid  at  low  temperature  was  studied. 

2.  It  was  shown  that  the  first  glycol  is  thus  converted  into  2,3-dlmethyl-3-lsobutyl-4-oxotetrahydrofuran,  while 
the  second  glycol  Is  converted  into  2,3,5-trimethyl-2-ethyl-3-hydtoxy-2,3-dlhydrofuran  under  these  conditions.  The 
hypothesis  was  put  forward  that  the  two  conversions  proceed  by  the  same  mechanism  with  the  Intermediate  formation 
of  ethylsulfurlc  adds. 

3.  3,4,6-Trlmethylhept-l-yne-3,4-diol  is  decomposed  by  alkali  under  more  drastic  conditions  than  its 
homologs  with  simpler  radicals.  There  is  then  migration  of  the  Isobutyl  radical  and  the  formation  of  3,5-dlmethyl- 
hexan-2-one  and  acetic  acid.  2,3,5-Trimethyl“3-hydroxy-2,3-dihydrofuran  Is  not  decomposed  by  alkali. 
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Together  with  O.  V.  Serglevskaya  [1]  and  N.  P.  Ryzhova  [2],  we  showed  previously  that  primary-tertiary  ali¬ 
phatic  y  -glycols  are  dehydrated  under  mild  conditions  to  ethylenlc  glycols,  which  are  isomerlzed  to  tetrahydrofuran 
derivatives  by  distillation  with  traces  of  acid. 

2-Phenylpent-2-en-5-ol  and  3-methylhex-2-en-l-yn-6-ol  [3]  are  not  isomerlzed  to  tetrahydrofuran  derivatives; 
they  are  stable  because  of  the  presence  of  conjugated  multiple  bonds.  Tetrahydrofurans  are  formed  from  the  correspond¬ 
ing  glycols,  namely  2-phenylpentane-2,5-diol  and  3-methylhex-l-yne-3,6-dlol,  by  elimination  of  water  at  the 
expense  of  the  two  hydroxyl  groups. 

In  the  present  work  we  studied  the  dehydration  of  the  acetylenic  y  -glycol  3-methyl-l-phenylhex-l-yne-3,6- 
dlol  (I),  which  was  obtained  by  lotslch's  method  from  acetopropyl  alcohol  and  phenylacetylenylmagnesium  bromide. 

Heating  this  glycol  with  5  or  10%  sulfuric  acid  gave  a  good  yield  of  2-methyl-2-phenylacetylenyltetrahydro- 
furan  (II).  When  the  glycol  was  heated  with  sulfuric  acid  (pH  1.6)  under  conditions  under  which  aliphatic  glycols 
yielded  ethylenlc  alcohols,  no  dehydration  occurred  and  the  glycol  was  recovered.  In  a  repeat  synthesis  of  3-methyl- 
l-phenylhex-l-yne-3,6-dlol  (I),  distillation  of  the  reaction  products  yielded  the  glycol  Itself  and  both  its  dehydration 
products,  namely  the  enyne  alcohol  (Ed)  and  the  substituted  tetrahydrofuran  (EL).  Under  some  favorable  conditions, 
which  were  produced  by  chance,  the  glycol  (I)  was  dehydrated  in  both  possible  ways. 
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The  substance  (H)  did  not  react  with  2,4-dinltrophenylhydrazone  or  methylmagnesium  iodide  and  absorbed 
2  molecules  of  hydrogen  on  hydrogenation.  Oxidation  of  (11)  with  potassium  permanganate  solution  yielded  benzoic 
acid,  2-methyl-2-formyl-5-oxotetrahydrofuran  (IVX  and  2-methyI-2-carboxy-5-oxo-tetrahydrofuran  (V).  Oxidation 
occurred  at  the  triple  bond  and  with  the  formation  of  a  lactone  grouping. 

GIlj— 0112  GII2— GIlj 

(11)-.  C.H.COOM+  1-0  - .  i-o 

\ ^  \gOOH 

(IV)  (V) 

The  structure  of  the  enyne  alcohol  (IE)  was  demonstrated  by  hydrogenation  and  ozonizadon.  During  the 
hydrogenation,  3  molecules  of  hydrogen  were  absorbed, and  ozonizadon  yielded  benzoic,  pyruvic,  and  acrylic  acids. 

The  action  of  sodium  and  ethyl  bromide  in  liquid  ammonia  on  the  glycol  (I)  yielded  the  monoethyl  ether 
of  the  glycol  (VI),  namely  3-methyl-l-phenyl-3-ethoxyhex-l-yn-6-ol. 
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C,,I1^-C=C— C-CHa— CHa-CIIjOH 

I 

Clla 

(VI) 

The  ethoxyl  group  was  shown  to  be  connected  to  the  third  carbon  atom  of  the  glycol  by  heating  the  ether  with 
alkali  solution)  decomposition  with  the  formation  of  phenylacetylene  and  acetopropyl  alcohol  did  not  occur, 
indicating  that  there  was  no  free  hydroxyl  group  adjacent  to  the  triple  bond. 

EXPERIMENTAL 

Synthesis  of  3-methvl-l-phenvlhex-l-vne-3.6-diol  (I).  The  glycol  was  prepared  by  the  normal  method  of 
lotsich  from  50  g  of  acetopropyl  alcohol  and  66  g  of  phenylacetylene  and  consisted  of  a  thick,  colorless  liquid  with 
b.p.  166-169*  (2  mm).  The  yield  was  42.5%,  After  several  days,  the  glycol  crystallized  and  had  m.p.  46-4T*. 

B.p.  166-169*  (2  mm),  n”D  1.5555,  1.0619,  MRp  61.75.  CisHi,0,PjF.  Calculated  60.68. 

Found  %:  C  76.18,  75.98;  H  7.70,  8.01.  Number  of  Hact.  1*97,  2.00.  M  257.  Ci,Hi,0,.  Calculated  %: 

C  76.49;  H  7.83.  Number  of  Hact.  2.  M  204, 

When  2  g  of  the  glycol  was  hydrogenated  over  0.2  g  of  platinum  black.  414  ml  of  hydrogen  was  absorbed 
(94.3%  of  the  theoretical  amount  for  a  triple  bond).  The  product  obtained  had  n*®D  1.5305. 

Reaction  of  glycol  with  sulfuric  acid,  a)  A  mixture  of  10  g  of  the  glycol  and  100  ml  of  1(]%  sulfuric  acid  was 
stlned  for  2  hr  on  a  boiling  water  bath.  The  reaction  products  were  extracted  from  the  cooled  solution  with  ether 
and  the  extract  washed  with  sodium  carbonate  and  water  and  dried  with  potassium  carbonate.  After  removal  of  the 
ether,  the  residue  was  vacuum  distilled.  We  obtained  6.2  g(67.5%)  of  2-methyl-2-phenylacetylenyltetrahydrofuran 

(U). 

B.p.  172-175*  (45  mm),  n*®D  1.5490,  d*®4  1.0940,  MRp  55.90.  CisHiPF,p.  Calculated  56.06. 

Found  %:  C  83.76,  83.59;  H  7.72,  7.77.  M  187.  CijHiP,.  Calculated  %:  C  83.86;  H  7.53.  M  186. 

b)  A  mixture  of  4.5  g  of  the  glycol  and  45  ml  of  5%  sulfuric  acid  was  slowly  distilled  from  a  Wurtz  flask.  The 
acid  concentration  was  kept  constant  by  the  continuous  addition  of  water  from  a  dropping  funnel.  The  reaction 
product  distilled  at  159-163*  (43  mm)  and  consisted  of  2.6  g  (63.4%)  of  tetrahydrofuran  (H)  with  1.5492, 

1.0938. 

Oxidation  of  2-methyl-2-phenylacetylenylteuahydrofuran  (11).  The  oxidation  of  3  g  of  the  tetrahydrofuran 
consumed  9  g  of  potassium  permanganate.  The  neutral  products  were  steam  distilled.  The  distillate  gave  a  silver 
mirror  when  heated  with  an  ammonia  solution  of  silver  oxide  and  reacted  with  2,4-dinitrophenylhydrazine  to  form 
a  yellow  crystalline  2,4-dinitrophenylhydrazone  with  m.p.  169-170*,  which  corresponded  in  composition  to  that  of 
the  aldehyde  (IV). 

Found  %;  N  17.38,  17.46.  CuHi,0,N4.  Calculated  %;  N  18^8. 

The  solution  of  acid  salts  was  decomposed  with  sulfuric  acid  (1:  5)  and  the  precipitated  benzoic  acid  (m.p. 
120*)  collected.  A  mixed  melting  point  with  authentic  benzoic  acid  was  not  depressed.  The  acid  product  was  steam 
distilled  from  the  filtrate  and  the  distillate  heated  with  silver  carbonate.  We  obtained  the  silver  salt  of  2-methyl-2- 
carboxy  -5  -oxotetrahydrofuran  ( V ), 

Found  %;  A g  43.09.  C4H,04Ag.  Calculated  %:  Ag  43.03. 

On  hydrogenation,  2-methyl-2-phenylacetylenyltetrahydrofuran  (II)  absorbed  112%  of  the  theoretical  amount 
of  hydrogen  for  a  triple  bond. 

Repeat  synthesis  of  3-methyl-l-phenylhex-l-yne-3,6-diol  (I)  from  45  g  of  acetopropyl  alcohol  and  50  g  of 
phenylacetylene.  Vacuum  distillation  yielded  three  fractions;  1st,  b.p.  132-134*  (10  mm),  10  g  (8.8%);  2nd,  b.p. 
165-167*  (10  mm),  17  g  (19%);  3rd,  b.p.  164-165*  (2  mm),  18  g  (22%). 

The  1st  fraction  corresponded  to  2-methyl-2-phenylacetylenyltetrahydrofuran  (H).  B.p.  132-134*  ( 10  mm), 
n*®D  1.5470,  1.0890. 
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The  2nd  fraction  was  an  enyne  alcohol,  namely  3-methyl-l-phenylhept-3-en-l“yn-6-ol  (HI). 

B.p.  165-167*  (10  mm).  r^®D  1.5860,  d*®4  1.0182,  MRp  61.53.  CijHiP  F4P.  Calculated  57.69. 

Found  C  82.70,  82.57  j  H  7.78,  7.96.  Number  of  Ha^t.  0-98.  1.08.  C1SH14O.  Calculated*^:  C  83.86; 

H  7.53.  Number  of  1. 

The  low  carbon  content  may  be  explained  by  the  presence  of  some  of  the  3rd  fraction,  which  consisted  of  the 
glycol  (I). 

A  0.3516-g  sample  of  the  enyne  alcohol  (HI)  was  hydrogenated  over  Pi  black.  The  amount  of  hydrogen  ab¬ 
sorbed  was  134  ml  (100^  of  the  theoretical  amount  for  a  double  and  triple  bond). 

Ozonization  of  3-methyl-l-phenylheX“3-en-l-yn-6-ol  (III).  A  2.5- g  sample  of  the  alcohol  was  used  for 
ozonization.  The  ozonlde  was  decomposed  by  heating  with  sodium  carbonate  solution  on  a  water  bath.  No  neutral 
products  were  obtained.  The  aqueous  solution  of  salts  was  acidified  with  dilute  sulfuric  acid. and  the  benzoic  acid 
precipitated  had  m.p.  120*  and  did  not  depress  the  melting  point  of  an  authentic  sample.  The  volatile  acid  was 
steam  distilled  from  the  filtrate  and  the  aqueous  solution  of  it  heated  with  silver  carbonate.  The  silver  salt  of  acrylic 
acid  was  obtained. 

Pound  1^:  Ag  60.30,  60.27.  C,H,0,Ag.  Calculated*^:  Ag  60.33. 

The  solution  remaining  after  distillation  of  the  acrylic  acid  was  extracted  with  ether.  The  acid  remaining 
after  evaporation  of  the  ether  gave  a  2,4-dlnitrophenylhydrazone  with  m.p.  209-210*.  A  mixed  melting  point  with 
authentic  pyruvic  acid  2,4-dinitrophenylhydrazone  was  not  depressed.  When  distilled  with  traces  of  sulfuric  acid,  the 
alcohol  (ni)  was  not  isomerized  to  the  tetrahydrofuran  derivative  (11). 

Reaction  of  3-methyl-l-phenylhex-l-yne-3,6-diol  (I)  with  ethyl  bromide  and  sodium  in  liquid  ammonia.  We 
obtained  the  ethyl  ether  of  the  glycol,  namely  3-methyl-l-phenyl-3-ethoxyhex-l-yn-6-ol  (VI)  as  a  colorless  liquid. 

B.p.  182-185*  (16  mm),  n*®D  1.5225,  c?®4  0.9966,  MR^  71.27.  CuHjoOjI^P.  Calculated  69.14. 

Found  *7o:  C  77.97,  77.70;  H  8.45  ,  8.52.  Number  of  Hgct.  CigHwO,.  Calculated C  77.58;  H  8.62. 

Number  of  Hact,  1. 

SUMMARY 

1.  The  reaction  of  the  acetylenic  y  -glycol  3-methyl-l-phenylhex-l-yne-3,6-diol  with  dilute  sulfuric  acid  was 
studied. 

2.  It  was  shown  that  the  dehydration  of  this  glycol  may  proceed  in  two  directions:  to  form  the  enyne  alcohol 
2-methyl-l-phenylhex-3-en-l-yn-6-ol  or  the  substituted  tetrahydrofuran  2-methyl-2-phenylacetylenyltetrahydro- 
furan. 

3.  3-Methvl-l-phenylhept-3-en-l-yn-6-ol  is  not  isomerized  to  2,2-dimethylphenylacetylenyltetrahydrofuran; 
the  latter  was  formed  by  elimination  of  water  from  the  two  hydroxyl  groups  of  the  glycol. 
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The  dehydration  of  various  tertiary  acetylenic  1,2,5-trlols  was  described  in  previous  communications  [1,  2]. 

It  was  shown  that  the  triols  are  dehydrated  both  with  the  elimination  of  one  water  molecule  to  form  vinylacetylenic 
a -glycols  and  with  the  elimination  of  two  water  molecules  to  form  dienyne  carbinols.  In  some  cases,  the  dehydration 
gives  predominantly  enynediols  and  in  others,  predominantly  dienynols.and  this  apparently  depends  on  the  radical 
substituents  in  the  triol  dehydrated. 

Below  we  describe  the  action  of  dehydrating  agents  on  two  acetylenic  triols  with  one  or  two  cyclopentyl 
radicals,  namely  2-methyl-5-(l-hydroxycyclopentyl)-hex-3-yne-2,5-diol  (I)  and  2,4-dl-(l-hydroxycyclopentyl)- 
but-3-yn-2-ol  (VI),  which  were  synthesized  for  the  first  time  by  one  of  us  and  Savranskaya  [5], 

2-Methyl-5-(l-hydroxycyclopentyl)-hex-3-yne-2,5-diol  (I)  was  treated  with  p-toluenesulfonlc  acid  and 
potassium  bisulfate.  In  both  cases  the  only  dehydration  product  was  a  vinylacetylenic  glycol,  namely  2-methyl-5- 
(l-hydroxycyclopentyl)-hex-l-en-3-yn-5-ol  (II),  in  a  yield  of  53  to  59^  (scheme  1). 

Scheme  1 


(n)  (III)  (V) 

Hydrogenation  of  the  glycol  over  both  platinum  and  palladium  catalysts  in  rr  ethanol  proceeded  vigorously. 
After  the  addition  of  2  moles  of  hydrogen,  the  rate  of  addition  of  the  latter  decrease!  sharply,  but  it  was  impossible 
to  isolate  the  ethylenic  glycol  by  passing  in  the  calculated  amount  of  hydrogen  (2  moles)  as  the  reaction  products 
were  a  difficultly  separable  mixture. 

Exhaustive  hydrogenation  in  both  methanol  and  acetic  acid  yielded  a  saturated  glycol,  namely  2-methyl-5- 
(l-hydroxycyclopentyl)-hexan-5-ol  (III)  with  m.p.  84-84.5". 

It  was  impossible  to  demonstrate  the  structure  of  the  glycol  (II)  by  oxidation  with  potassium  permanganate 
because  of  the  complexity  of  the  mixture  of  oxidation  products, and  therefore  it  was  demonstrated  by  the  synthesis  of 
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the  glycol  from  Isopropenylacetylene  and  1-acetylcyclopentanol.  The  glycol  synthesized  was  hydrogenated  to 
saturation  in  methanol  and  the  product  had  m.p.  83.5-84.5*.  A  mixed  melting  point  with  the  glycol  (HI)  was  not 
depressed. 

When  dehydrated  with  25*70  sulfuric  acid,  the  saturated  glycol  (Dl)  underwent  conversion  in  two  directions. 

Firstly  there  was  a  plnacolin  rearrangement  with  the  formation  of  2-methyl-5-(l“methylcyclopentyl)-pentan-5“One 
(IV).  The  ketone  Itself  was  not  isolated  but  from  the  mixture  of  reaction  products  we  obtained  a  2,4-dinltrophenyl- 
hydrazone  with  m.p.  114-116*,  whose  nitrogen  content  corresponded  to  the  hydrazone  of  the  given  ketone.  Secondly, 
there  was  dehydration  of  the  glycol  with  the  elimination  of  2  water  molecules  and  the  formation  of  a  diene  compound, 
which  was  also  not  isolated,  but  we  were  able  to  isolate  the  product  from  its  condensation  with  maleic  anhydride  (a 
crystalline  product  with  m.p.  126-128*)*  and  on  this  basis  the  diene  was  considered  to  be  2-methyl-5-cyclopenten-l- 
ylhex-4-ene  (V)  (scheme  1). 

In  the  dehydration  of  the  glycol  (HI)  with  potassium  bisulfate  there  was  also  a  plnacolin  rearrangement  with 
the  formation  of  (IV). 


As  regards  the  other  acetylenic  trlol,  2,4-dl-(l-hydroxycyclopentyl)-but-3-yn-2-ol  (VI),  it  was  also  dehydrated 
with  p-toluenesulfonlc  acid  and  potassium  bisulfate.  The  amount  of  the  latter  had  to  be  reduced  considerably  in  this 
case  as  otherwise  there  was  very  much  tar  formation.  As  a  result  of  the  dehydration  we  isolated  an  enyne  a -glycol, 
namely  2-(l-hydroxycyclopentyl)-4-cyclopentenylbut-3-yn-2-ol  (VII),  in  28*70  yield  (scheme  2). 


Scheme  2 
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A  characteristic  of  this  enyne  a -glycol  was  the  fact  that  it  could  be  hydrogenated  selectively  by  1  mole  of 
hydrogen  to  a  diene  ot-glycol,  namely  2-(l-hydroxycyclopentyl)-4-cyclopentenylbut-3-en-2-ol (Vni).  The  latter 
was  characterized  by  the  fact  that  it  underwent  diene  condensation  with  maleic  anhydride  to  give  a  crystalline 
product  with  m.p.  276-280r. 

Hydrogenation  of  the  glycol  (VII)  over  palladium  on  chalk  (2  moles  of  hydrogen  were  passed  in)  gave  an 
ethylenic  glycol,  the  position  of  whose  double  bond  we  did  not  establish.  However,  considering  that  in  all  cases  of 
hydrogenation  of  enyne  a -glycols  to  ethylenic  glycols  carried  out  previously  in  the  work  given  above  [1,  2],  the 
triple  bond  was  always  saturated,  we  consider  that  in  this  case  the  ethylenic  a -glycol  we  obtained  was  2-(l-hydroxy- 
cyclopentyl)-4-cyclopentenylbutan-2-ol  (IX ). 

Exhaustive  hydrogenation  of  2-(l-hydroxycyclopentyl)-4-cyclopentenylbut-3-yn-2-ol  (VII)  in  methanol 
yielded  the  saturated  glycol  2-(l-hydroxycyclopentyl)-4-cyclopentylbutan-2-ol  (X)  with  m.p.  81.5-82.5*. 

The  structure  of  the  glycol  (VII)  was  demonsuated  by  its  synthesis  from  cyclopentylacetylene  and  1-acetylcyclo¬ 
pentanol.  The  glycol  obtained  was  hydrogenated  completely  in  methanol, and  after  recrystallization  from  ligroin 
the  product  had  m.p.  80-82* ,  A  mixed  melting  point  with  the  glycol  (X)  was  not  depressed  (scheme  2). 

EXPERIMENTAL 

I.  2  -  Me  th  yl  -  5  -  ( 1  -  hy  d  ro  xy  cy  c  lo  p  e  n  t  y  1)  -  he  x  -  3  -  y  ne  -  2 , 5  -  d  io  1  (I ) 

Dehydration  of  2-methyl-5-(l-hydroxycyclopentyl)-hex-3-yne-2,5-diol.  1)  With  p-toluenesulfonic  acid.  A 
19.3-g  sample  of  the  triol  (I)  with  0.05  g  of  p-toluenesulfonic  acid  was  distilled  at  4.5-5.5  mm  and  a  bath  temperature 
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of  155-160*.  We  distilled  14.8  g  of  a  substance  with  b.p.  110-115*.  We  dehydrated  a  total  of  39.6  g  of  the  trlol  and 
obtained  30  g  of  moist  dehydration  product,  which  was  dissolved  in  ether  and  dried  with  sodium  sulfate.  Removal  of 
the  ether  and  vacuum  distillation  yielded  a  fraction  with  b.p.  105-109*  (1  mm)  and  n*®D  1.5152  (23.4  g,  64*^,  consider¬ 
ing  that  the  enyne  glycol  II  was  obtained). 

2)  With  potassium  bisulfate.  A  20,5-g  sample  of  the  trlol  (I)  was  distilled  at  165*  and  2  mm  in  the  presence 
of  10  g  of  finely  ground  potassium  bisulfate  and  0.01  g  of  hydroquinone.  The  distillate  consisted  of  15.6  g  of  moist 
product  with  b.p.  70-124*.  Drying  and  a  second  vacuum  distillation  in  a  stream  of  carbon  dioxide  yielded  59% (on  the 
starting  material)  of  2-methyl-5-(l-hydroxycyclopentyl)-hex-l-en-3-yn-5-ol  (II),  whose  structure  was  demonstrated 
by  synthesis. 

Investigation  of  2-methyl-5-(l-hydroxycyclopentyl)-hex-l-en-3-yn-5-ol  (H). 

B.p.  119-120*  (3  mm),  d*®4  1.0260,  n*°D  1.5152,  MRq  57.05,  CuHijOPF.  Calculated  56.00. 

Found  %:  C  74.39,  74.29;  H  9.27;  9.27;  OH  16.98,  16.25.  Calculated  %:  C  74.22;  H  9.22;  OH  17.53. 

A  22.2-g  sample  of  the  vinylacetylenic  glycol  (H)  was  hydrogenated  in  10  ml  of  methanol  over  platinum  oxide 
for  4  hr.  After  the  absorption  of  6.3  liters  of  hydrogen  (22r  and  695.0  mm)  the  hydrogenation  rate  was  sharply 
decreased  (2  moles  of  hydrogen  corresponds  to  6.064  liters).  After  removal  of  the  methanol,  the  residue  was  vacuum 
distilled,  but  it  was  impossible  to  isolate  a  homogeneous  product.  Therefore,  20.5  g  of  the  mixture  was  hydrogenated 
further  over  platinum  oxide  in  40  ml  of  glacial  acetic  acid;  2.8  liters  of  hydrogen  was  absorbed  in  4  hr  and  then 
hydrogenation  ceased.  The  acetic  acid  was  neutralized  with  sodium  carbonate,  the  hydrogenation  product  extracted 
with  ether,  the  extract  dried  with  sodium  sulfate,  the  ether  removed,  and  the  residue  vacuum  distilled.  We  isolated 
17.7  g  of  2-methyl-5-(l-hydroxycyclopentyl)-hexan-5-ol  (HI)  with  m.p.  84-84.5*  (from  ligroin). 

Found  %:  G  72.18,  71.71;  H  12.11,  12.15;  OH  16.18,  16.46.  CijHj^Oi.  Calculated  %:  C  72.00;  H  12.00; 

OH  17.00. 

Synthesis  of  2-methyl-5-(l-hydroxycyclopentyl)-hex-l -en-3-yn-5-ol  (II).  Starting  materials:  Isopropenyl- 
acetylene,  which  was  prepared  according  to  literature  directions  [6],  boiled  at  32-35*  ( r^®D  1.4120).  Acetylcyclo- 
pentanol,  which  was  obtained  by  hydration  of  acetylenylcyclopentanol  [2],  boiled  at  69-70*  (8  mm)(n*®D  1.4665). 

A  mixture  of  17.5  g  of  isopropenylacetylene  and  30  g  of  acetylcyclopentanol  in  100  ml  of  absolute  ether  was 
added  dropwise  to  50  g  of  potassium  hydroxide  and  500  ml  of  absolute  ether  over  a  period  of  3.5  hr.  On  the  following 
day  the  complex  formed  was  decomposed  with  100  ml  of  water  and  the  ether  layer  separated  from  the  aqueous 
alkaline  layer,  which  was  extracted  several  times  with  ether.  The  ether  layer  was  neutralized  with  5%  hydrochloric 
acid,  washed  with  water,  and  dried  with  sodium  sulfate.  After  removal  of  the  ether,  the  substance  was  vacuum 
distilled.  We  isolated:  1st  fraction,  b.p.  43-102*  (1.5  mm),  n*®D  1.4690,  3.2  g,  starting  acetylcyclopentanol;  2nd 
fraction,  b.p.  102-104*  (1.5  mm),  n*®D  1.5153,  18.5  g,  2-meihyl-5-(hydroxycyclopentyl)-hex-l-en-3-yn-5-ol  (II). 

Hydrogenation  of  the  enynediol  (II)  synthesized.  A  2-g  sample  of  the  enynediol  (H)  synthesized  was  hydro¬ 
genated  in  40  ml  of  anhydrous  riEthanol  over  platinum  oxide.  In  30  min,  0.8  liter  of  hydrogen  (18*,  700  mm)  was 
absorbed  (0.74  liter  corresponds  to  3  moles  of  hydrogen).  After  removal  of  the  methanol,  the  substance  melted  at 
83.5-84.5*  (from  ligroin).  A  mixed  melting  point  with  2-methyl-5-(l-hydroxycyclopentyl)-hexan-5-ol  (HI)  was 
not  depressed. 

Dehydration  of  2-methyl-5-(l-hydroxycyclopeniyl)--hexan-5-ol  (HI).  1)  W  ith  sulfuric  acid.  A  mixture  of 
14.9  g  of  the  substance  and  160  ml  of  25%  sulfuric  acid  was  heated  for  5  hr  on  a  boiling  water  bath  and  then  left  at 
room  temperature  for  4  hr.  Isolation  of  the  reaction  products  in  the  usual  way  yielded  several  fractions,  each  of 
which  consisted  of  a  mixture  of  substances  (hydroxyl  groups  were  absent);  from  these  fractions  it  was  possible  to 
Isolate  a  substance  whose  2,4-dinitrophenylhydrazone  had  m.p.  114-116*  and  corresponded  in  analysis  to  the  2,4- 
dlnitrophenylhydrazone  of  the  ketone  expected,  namely  2-methyl-5-(l-methylcyclopentyl)-pentan-5-ol  (IV). 

Found  %:  N  15.76.  CHH26O4N4.  Calculated  %:  N  15.46. 

In  addition,  we  obtained  a  substance  which  gave  a  diene  condensation  product  with  maleic  anhydride  with  m.p. 
126-128*,  whose  diene  component  was  evidently  2-methyl-5-cyclopentenylhex-4-ene  (V). 

2)  With  potassium  bisulfate.  A  mixture  of  4.4  g  of  substance  (III)  and  2  g  of  finely  ground  potassium  blsulfate 
was  distilled  slowly  at  3.5  mm  and  a  bath  temperature  of  140*.  Thereupon  there  distilled  3.2  g  of  moist  product  with 
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pentenylacetylene,  which  was  prepared  according  to  literature  directions  [4],  boiled  at  58-6?  (n*®D  1.4900).  Acetyl- 
cyclopentanol  was  prepared  by  hydration  by  Kucherov’s  method  [3]  and  had  b.p.  69-70*  (8  mm),  t^®D  1.4665. 

A  mixture  of  11.6  g  of  cyclopentenylacetylene  and  12.8  g  of  acetylcyclopentanol  in  100  ml  of  absolute  ether 
was  added  dropwise  over  a  period  of  1.5  hr  to  20  g  of  potassium  hydroxide  and  300  ml  of  ether.  After  the  addition. 
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the  reaction  mixture  was  stirred  for  a  further  6  hr.  Isolation  of  the  products  in  the  usual  way  and  two  vacuum  distil¬ 
lations  yielded:  1st  fraction  with  b.p.  55-56*  (2  mm),  n**D  1.5300,  2.2  g;  2nd  fraction  with  b.p.  148-149*  (2  mm), 
n*®D  1.5384,  7.2  g,  2-(l-hydroxycyclopentyl)-4-cyclopentenylbut-3-yn-2-ol  (VIII). 

Hydrogenation  of  2-(l~hYdroxYcyclopentyl)-4-cyciopentenylbut-3-yn-2-ol  synthesized.  A  2.5-g  sample  of  the 
glycol  (VII)  synthesized  was  hydrogenated  in  40  ml  of  methanol  over  platinum  oxide.  The  calculated  amount  of 
hydrogen  (3  moles  or  0.88  liter  at  16*  and  696  mm)  was  absorbed  in  1.5  hr.  After  removal  of  the  methanol,  the 
substance  had  m.p.  80-82*  (from  llgroin).  A  mixture  with  the  glycol  (X)  melted  at  80.5-82.5*. 

SUMMARY 

1.  Two  acetylenic  1,2,5-triols,  namely  2-methyl-5-(l-hydroxycyclopentyl)-hex-3-yne-2,5-dlol  and  2,4-dl- 
(l-hydroxycyclopentyl)-but-3-yn-2-ol  were  dehydrated.  In  the  two  cases  the  corresponding  enyne  a-glycols,  namely 
2-methyl-5-(l-hydroxycyclopentyl)-hex-l-en-3-yn-5-ol  and  2-(l-hydroxycyclopentyl-4-cyclopentenylbut-3-yn- 
2-ol,  respectively,  were  isolated. 

Dlenyne  carbinols  were  not  isolated. 

2.  2-(l-Hydroxycyclopentyl)-4-(cyclopentenyl-l)-but-3-yn-2-ol  was  hydrogenated  selectively  over  palladium 
on  chalk  to  the  diene  glycol  2-(l-hydroxycyclopentyl)-4-(cyclopentenyl-l)-but-3-en-2-ol. 
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Nuclear  alkylation  of  aromatic  compounds  with  dienes  has  been  studied  little  [1-3].  The  process  is  usually 
accompanied  by  considerable  polymerization  of  the  diene  compound  with  conjugated  bonds, and  the  yields  of  the 
alkylation  products  are  low. 


We  undertook  a  systematic  study  of  the  alkylation  of  aromatic  compounds  with  piperylene.  Piperylene  is  a 
bifunctional  alkylating  agent  and  one  might  expect  either  the  reaction  to  proceed  in  stages  or  the  formation  of  only 
one  final  product  [4]. 


CH,CH  CH=^H2 

%  3  2  1 


ArH 


CHjCH  -CH=tCH-  CHj 


CHjCH-CH  -CH^-CMj 
Ar  Ar 


In  the  first  case  it  would  be  important  to  establish  the  possibility  of  addition  in  the  1,4-position,  the  difference 
in  the  activities  of  the  double  bonds  in  the  1,2-  and  3,4-positions,  and  the  order  of  addition,  i.e.,  whether  it  is  in 
accordance  or  contrary  to  the  electron  density  distribution  in  the  piperylene  molecule.  Six  products  could  be 
formed  theoretically  and  two  of  these,  (1)  and  (III),  have  the  same  structure. 

Cll3-CII(Ar)-CH=CH-Cn3  (I)  Cll3-CH8-CH=CH-CH2— Ar  (II) 

Cll3-r.ll=CII-CU{Ar)-CH3  (IlI)  CH3-CU=CH-CH2-Cll2-Ar  (IV) 

CII3— CII(Ar)-CIl2-CH=CH2  (V)  CH;,-CH2-CH(Ar)— CH=CIl2  (VI) 

With  substituted  benzenes  there  is  also  the  possibility  of  isomers  due  to  different  orientation  of  the  pentenyl 
group,  while  in  addition  to  diarylpentanes  (VII),  the  high-boiling  substances  could  contain  polypentenyl  derivatives 
of  benzene  and  its  substituted  derivatives  [5]. 

With  the  system  of  conjugated  bonds  present  in  the  piperylene  molecule,  in  accordance  with  its  polarity  [2],  a 
stepwise  reaction  with  addition  in  the  1,4-position  and  the  formation  of  product  (I)  seemed  more  probable  in  the 
presence  of  acid  catalysts. 

In  actual  fact,  we  were  able  to  confirm  that  this  reaction  proceeds  stepwise:  Under  mild  conditions,  the  process 
could  be  stopped  at  the  formation  of  pentenyl  derivatives,  while  diarylpentanes  were  obtained  under  more  drastic 
conditions  [6].  Alkenyladon  gives  high  yields  (up  to  92*^)with  aromatic  compounds  containing  sufficiently  labile 
hydrogen  atoms  in  the  nucleus,  for  example,  anisole;  in  the  case  of  benzene,  the  main  direction  of  the  process  was 
polymerization  of  piperylene  [7].  A  series  of  catalysts  based  on  boron  trifluoride  [BF3,  BFs  *0(C2H5)t,  BF3  *  H3PO4], 
aluminum  chloride  (A  1C  13,  AlCl2*H2P04),  and  phosphoric  and  sulfuric  acids  was  tested. 

In  the  present  communication  we  describe  experiments  on  the  alkenylation  of  anisole  with  piperylene  in  the 
presence  of  boron  trifluoride  ethyl  etherate.  The  reaction  was  accompanied  by  the  formation  of  a  considerable 
amount  of  high -boiling  substances,  and  the  pentenylanisole  yields  did  not  exceed  56-62%. 
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The  alkenylation  was  best  carried  out  at  0  to  20*  with  the  gradual  addition  of  piperylene  to  a  mixture  of 
anisole  and  catalyst.  Dilution  of  the  piperylene  with  excess  anisole  (up  to  3.5-4  moles)  and  the  reagtion  time  (the 
optimal  time  was  about  50  hr)  had  a  substantial  effect  on  the  pentenylanisole  yield.  A  change  in  the  amount  of 
catalyst  from  0.1  to  0.3  mole  had  little  effect  on  the  pentenylanisole  yield,  which  remained  within  the  range  of  57- 
59%.  Heating  the  reaction  mixture  or  increasing  the  amount  of  boron  trifluoride  ethyl  etherate  at  die  given  dilution 
and  also  carrying  out  the  condensation  with  equimolecular  amounts  of  anisole  and  piperylene  promoted  the  accumula¬ 
tion  of  high-boiling  products  (see  Table  1). 

Alkylation  products  obtained  in  experiments  at  room  temperature  and  with  heating  were  examined  separately. 

It  was  impossible  to  separate  the  isomen  of  pentenylanisole  by  distillation  on  a  column.  All  the  fractions  isolated 
were  therefore  studied  (see  Table  2). 

Oxidation,  bromination,  and  synthesis  were  used  to  establish  the  structure  of  the  pentenylanisole.  Oxidation  of 
pentenylanisole  with  potassium  permanganate  in  acetone  gave  good  yields  of  p-methoxyhydratropic  acid  (DC)  and 
p-methoxyacetophenone  (X);  acetic  acid  was  also  shown  to  be  present  by  a  qualitative  reaction.  Substance  (X)  was 
also  isolated  in  an  oxidation  by  chromic  mixture.  Oxidation  with  a  5%  solution  of  potassium  permanganate  gave  a 
mixture  of  anisic  (XII)  and  p-methoxybenzoylformic  acids  (XI) ;  in  individual  experiments  (with  the  addition  of 
alkali)  the  yield  of  the  latter  reached  50%.  In  an  oxidation  by  dilute  nitric  acid,  anisic  acid  was  obtained  together 
with  nitration  products. 

Thus,  depending  on  the  conditions  and  the  oxidant,  almost  all  of  the  intermediate  products  of  the  oxidation  of 
pentenylanisole  to  anisic  acid  were  obtained. 


I  I  I 

DCHs  (xii)  OCH3  (XI)  OCH3  (X) 


+  CH3COOH 


No  o-methoxybenzoic  acid  or  other  oxidation  products  with  ortho  substituents  were  detected.  The  oxidation 
products  isolated  indicated  that  the  pentenylanisole  obtained  in  the  presence  of  boron  trifluoride  ethyl  etherate  was 
mainly  4-(p-methoxyphenyl)-2-pentene  (VlII).  This  was  also  indicated  by  bromination  of  the  same  fractions:  They 
all  gave  the  same  crystalline  products,  namely  the  dibromide  of  4-(P"methoxyphenyl)-2-pentene  (see  Table  2).  The 
latter  was  identified  by  a  mixed  melting  point  with  2,3-dibromo-(p-methoxyphenyl)-pentane,  obtained  from  a 
synthetic  sample  of  (Vm).  4-<p-Methoxyphenyl)-2-pentene  was  synthesized  by  the  Grignard-Wurtz  reaction  in  64% 
yield,  calculated  on  the  starting  p-bromoanisole. 


p-CH30C6H4MgBr  + CH3CHCI— CH=CH— CH3  (VllI)  +  MgClBr 


Thus,  the  reaction  of  anisole  with  piperylene  in  the  presence  of  boron  trifluoride  ethyl  etherate  proceess  in 
accordance  with  the  polarity  of  the  piperylene  and  most  probably  in  the  1,4-position  (I).  It  was  impossible  to  detect 
products  from  addition  in  the  3,4-position  (ID)  or  from  addition  contrary  to  the  electron  density  distribution  in  the 
piperylene  molecule  (II,  IV,  and  VI).  The  pentenyl  radical  mainly  entered  the  position  para  to  the  methoxyl  group. 

Alkenylation  of  the  aromatic  nucleus  with  piperylene  is  one  of  the  simplest  methods  of  preparing  pentenyl 
derivatives  of  substituted  benzenes  with  the  double  bond  in  die  allyl  position. 


EXPERIMENTAL 

For  the  condensations  we  used  technical  piperylene,  which  had  been  washed  repeatedly  with  water  and  a  5% 
solution  of  Mohr’s  salt  and  distilled  over  sodium  (b.p.  41.5-42.5*,  i^D  1.4245,  dF®4  0.6795);  commercial  anisole 
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(b.p.  151-152“,  ii?®D  1.5178,  (f®4  0.9932);  boron  trifluoride  ethyl  etherate  (b.p.  126-127.5*),  prepared  by  the  usual 
method  [3]  by  saturation  of  absolute  ether  with  boron  trifluoride. 

The  alkylation  of  anisole  with  piperylene  was  carried  out  in  a  three-necked  flask  fitted  with  a  mechanical 
stirrer,  dropping  funnel,  thermometer,  and  reflux  condenser.  To  prevent  the  loss  of  piperylene,  the  dropping  funnel 
was  cooled  with  ice  and  fitted  with  a  reflux  condenser;  both  condensers  were  closed  with  calcium  chloride  tubes. 

The  reaction  mixture  was  stirred  vigorously  during  the  introduction  of  the  piperylene  and  for  the  next  5-6  hr, and  then 
the  mixture  was  left  at  room  temperature  without  stirring.  A  temperature  of  0-20“  was  maintained  during  the  addition 
of  piperylene  by  control  of  the  input  rate  (6.8  g  of  piperylene  was  added  to  10  ml  of  anisole  over  a  period  of  30  min 
to  2  hr)  and  by  cooling  the  reaction  mixture.  During  the  reaction  the  mixture  turned  yellow  and  then  orange  or 
cherry  red.  The  complex  was  decomposed  by  treating  the  mixture  with  water,  and  the  aqueous  layer  was  extracted 
with  ether.  The  combined  extracts  were  washed  with  water,  sodium  carbonate  solution,  and  again  with  water.  After 
the  extract  had  been  dried  with  calcium  chloride  and  the  ether  and  excess  anisole  removed  (in  vacuum  on  a  water  bath), 
the  residue  was  vacuum  distilled  from  a  Favorskii  flask.  The  pentenylanisole  fraction  consisted  of  a  colorless,  mobile 
liquid  with  a  characteristic  odor;  it  had  b.p.  94-97"  (4  mm),  87-90"  (2  mm),  n*®D  1.5165-1.5194.  The  higher-boil¬ 
ing  products  were  colorless  or  slightly  yellowish  oils,  which  were  much  more  viscous  than  pentenylanisole.  A  semi¬ 
solid  or  solid  resin  remained  in  the  flask.  The  conditions  and  results  of  the  most  characteristic  experiments  are  given 
in  Table  1  (a  total  of  about  50  experiments  was  carried  out). 

Combined  portions  of  pentenylanisoles  obtained  at  0-20"  were  vacuum  distilled  repeatedly  on  a  column.  The 
fractions  isolated  are  given  in  Table  2. 

The  oxidation  of  pentenylanisole  with  potassium  permanganate  in  acetone  was  carried  out  by  adding  12.6  g 
of  finely  ground  permanganate  to  5.23  g  of  pentenylanisole  in  125  ml  of  acetone  and  10  ml  of  water  over  a  period 
of  9-10  hr  with  slight  cooling  and  vigorous  stirring.  When  the  potassium  permanganate  had  been  added,  the  mixture 
was  stirred  for  a  further  2-3  hr  and  left  overnight.  The  color  of  the  permanganate  had  disappeared  by  next  morning. 

The  manganese  dioxide  was  removed  and  washed  with  acetone  and  several  times  with  hot  water.  The  acetone  and 
aqueous  solutions  were  treated  separately.  From  the  acetone  solution  (the  products  were  separated  into  acid  and 
neutral  parts  by  the  usual  method)  we  isolated  p-methoxyhydra tropic  acid  (crystallized  only  after  strong  cooling). 
Evaporation  and  acidification  of  the  aqueous  solution  yielded  further  amounts  of  the  acid.  After  the  samples  of  acid 
had  been  combined  and  recrystallized  from  a  mixture  of  diethyl  ether  and  ligroin  or  a  very  large  amount  of  water, 
the  melting  point  of  the  acid  corresponded  to  literature  data  [11].  The  neutral  part  of  the  oxidation  product,  which 
was  either  vacuum  distilled  or  used  in  the  crude  state  for  the  preparation  of  2,4-dinitrophenylhydtazones,  consisted  of 
p-methoxyacetophenone.  It  was  identified  by  a  mixed  melting  point  of  the  2,4-dinitrophenylhydrazones  obtained 
from  the  neutral  part  and  p-methoxyacetophenone  synthesized  from  anisole  and  acetic  anhydride  [8].  The  results 
of  oxidation  of  separate  fractions  of  pentenylanisole  are  given  in  Table  2. 

Oxidation  of  pentenylanisole  with  5%  potassium  permanganate  solution  (without  addition  of  alkali).  Over  a 
period  of  10-12  hr,  16  g  of  potassium  permanganate  was  added  to  2.64  g  of  pentenylanisole  with  vigorous  stirring.  For 
complete  decolorization,  the  mixture  was  heated  on  a  water  bath  for  2-4  hr.  The  manganese  dioxide  was  removed 
by  filtration  and  washed  repeatedly  with  hot  water;  the  mother  solution  was  evaporated  to  40-60  ml  and  acidified 
with  50*70  sulfuric  acid.  The  white,  voluminous  precipitate  of  anisic  acid  was  collected,  dried,  and  weighed  (the 
crude  anisic  acid  melted  over  the  range  179-182°).  The  acid  was  recrystallized  from  aqueous  alcohol  and  identified 
by  a  mixed  melting  point  with  anisic  acid  obtained  from  p-bromoanisole  by  organomagnesium  synthesis  [9].  Further 
evaporation  of  the  acid  solution  precipitated  p-methoxybenzoylformic  acid  (XI)  as  a  difficultly  crystallizable  oil. 

Still  further  evaporation  gave  a  mixture  of  the  oily  acid  (XI)  and  inorganic  salts,  which  were  separated  by  extraction 
with  ether  or  chloroform.  With  careful  fractional  evaporation  of  the  acid  solution,  p-methoxybenzoylformic  acid 
could  be  isolated  in  a  crystalline  state.  It  was  converted  into  anisic  acid  by  treatment  with  3(/7o  hydrogen  peroxide 
[10].  Data  on  the  oxidation  of  pentenylanisole  fractions  with  5*7)  potassium  permanganate  solution  are  given  in 
Table  2. 


Oxidation  with  4%  potassium  permanganate  solution  in  an  alkaline  medium.  To  2.64  g  of  pentenylanisole  and 
3  g  of  caustic  alkali  in  55  ml  of  water  was  added  16  g  of  potassium  permanganate  (6  g  as  a  4*70  solution  and  the  rest 
as  a  powder).  The  acids  were  isolated  in  the  same  way  as  in  the  oxidation  without  the  addition  of  alkali.  The  results 
of  oxidation  of  the  three  main  pentenylanisole  fractions  are  given  below. 


TABLE  1 

Alkylation  of  Anlsole  with  Piperylene  in  the  Presence  of  Boron  Trifluoride  Ethyl  Edierate 
(6.8  g  or  0.1  mole  of  piperylene  was  used  in  each  experiment) 


Molar  ratios  of 
piperylene:  anl¬ 
sole:  Doron  tri- 
fluoride  ethyl 
etherate 

Reaction 
time  (hr) 

Pentenyl¬ 
anisole 
yield  (%) 

Yield  of 
high -boil¬ 
ing 

products  (g) 

Still 

residue 

(g) 

Content  of  high- 
boiling  products, 
incluoing  distil¬ 
lation  residue, 
relative  to  sum 

of  substances 
pbtained  W 

1:1: 0.01 

50 

8.2 

1.4 

1.2 

64.0 

1 :  1 :0.10 

51 

25.8 

4.6 

2.2 

59.9 

1 : 3.7: 0.015 

48 

12.2 

— 

1.0 

35.7 

1 : 3.7  : 0.03 

74 

19.5 

1.2 

1.9 

36.9 

1  :  3.7  : 0.06 

52 

.53.7 

2.8 

1.8 

32.4 

1  : 3.7: 0.10 

7 

38.4 

2.8 

0.4 

32.1 

1 : 3.7:  0.10 

20 

44.3 

2.4 

2.4 

35.0 

1:3.7:0.11 

50 

56.8 

2.3 

0.6  1 

22.8 

1  : 3.7:  0.11 

123 

1  .54.8 

3.6 

0.9 

31.6 

1:3.7:0.11* 

18 

32.9 

7.25 

4.0 

66.0 

1 : 3.7: 0.10** 

15 

25.8 

11.8 

1.0 

73.3 

1  : 3.7  : 0.20 

52 

57.2 

3.1 

0.6 

31,5 

1  :  3.7  : 0.25 

50 

58.8 

3.8 

0.7 

30.a 

1:10:0.25 

58 

62.4 

3.6 

1.1 

30.1 

1 : 3.7:  0.3 

50 

57.5 

4.2 

0.5 

31.7 

1 :  3.7  : 0.4 

53 

.51.8 

4.0 

0.7 

33.9 

1  :  3.7  : 0.6 

50 

4.5.1 

4.3 

1.4 

41.3 

*The  mixture  was  heated  at  50-70*  for  3  hr. 

*  *The  mixture  was  heated  at  50-60*  for  1  hr  and  at  98*  for  1.5  hr. 


TABLE  2 

Demonstration  of  Structure  of  Pentenylanisole  Obtained  at  0-20* 


Y  ield  of  products  from  potassium 
permanganate  oxidation  (*^) 


Results  of  distillation  of  combined 
pentenylanisole  samples 


boiling  point 
(pressure  in  mm) 


64-760(1) 
78-80(1) 
86.5-87(1)  ♦*** 

87— 90(1.5) 

88— 88.2(1.5)  ***** 
76-78(0.5) 

76  (0.2) 

76—77  (0.2) 


yield 

(g) 


0.69 

9.11 

62.6 

18.90 

.53.2 

5.91 

0.90 

1.02 


1.5165 

1.5170 

1.5178 

1.5180 

1.5182 

1..5165 

1.5178 

1.5175 


*  Ci 

o  • 


' 

>-•  Ec- 


I 


0.9509 

0.9513 

0.9512 

0.9513 

0.9517 

0.9.540 

0.9580 


51.0 

53.2 
.56.6 

91.2 
80.4 
.56.7 
18.7 


5*^  solution 


anisic 

acid, 
m,p.  182-1 
183** 


35.6 

28.2 

30.1 
43.9 

13.2 


in  acetone 


p-meth-  Ip-methoxy-jp-meth- 
oxybenzo|hydratropic 
ylformic  acid,  m.p. 
acid  |56-5'7**<» 


T' 


16.7. 

21.1 

23.7 

21.1 


42.3 

38.3 
38.0 


oxyaccrn- 

phe- 

Bonc*** 


44.3 
60.0 

46.4 


•Literature  data  [16]:  m.p.  184*. 

•  •Literature  data  [11]:  m.p.  57*. 

•  •  •  2,4-Dinitrophenylhydrazone,  m.p.  219-220* ;  literature  data  [12]:  m.p.  22Cr , 
•••  •Found C  81.58;  H  8.91,  9.05.  Ci,Hi,0.  Calculated C  81.77;  H  9.16. 

•  •  •  •  •Found  C  81.51,  81.87;  H  9.40,  9.56.  GuHijO.  Calculated  %  C  81.77; 
H  9.16. 
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Oxidation  of  the  3rd  fraction  without  subsequent  heating  of  the  reaction  mixture  gave  0.33  g  (14.5%)  of  anisic 
acid  with  m.p.  182-183*  (from  aqueous  alcohol)  and  1.37  g  (50.7%)  of  p-methoxybenzoylformic  acid  with  m.p.  83-86* 
(m.p.  90-91*  after  recrystallization). 

Literature  data:  for  anisic  acid  [16],  m.p.  184*,  for  p-methoxybenzoylformic  acid  [11],  m.p.  93* . 

Oxidation  of  the  4th  fraction  with  subsequent  heating  of  the  reaction  mixture  to  boiling  yielded  0.36  g  (15.8%) 
of  anisic  acid  with  m.p.  182-182.5*  and  0.5  g  (22.3%)  of  crude  p-methoxybenzoylformic  acid  with  m.p.  82-90*. 
Treatment  of  the  latter  with  hydrogen  peroxide  yielded  0.46  g  of  anisic  acid  with  m.p.  178-180*  (20.3%  on  the  start¬ 
ing  pentenylanisole  and  91%  on  the  p-methoxybenzoylformic  acid). 

Oxidation  of  the  5th  fraction  with  subsequent  heating  of  the  reaction  mixture  on  a  water  bath  yielded  0.98  g 
(43%)  of  anisic  acid  with  m.p.  181-182*  and  0.36  g  (13%)  of  p-methoxybenzoylformic  acid  with  m.p.  91-92?*  (from 
water).  Treatment  of  the  latter  with  30%  hydrogen  peroxide  yielded  anisic  acid  with  m.p.  178.5-179.5*. 

Oxidation  of  pentenylanisole  with  potassium  bichromate.  Heating  a  mixture  of  1.76  g  of  the  3rd  fraction,  8.09 g 
of  potassium  bichromate,  35  ml  of  water,  and  9.6  ml  of  concentrated  sulfuric  acid  for  3  hr  yielded  0.7  g  (46.8%)  of 
crude  p-methoxyacetophenone.  The  2,4-dinitrophenylhydrazone  had  m.p.  211-212*;  a  mixture  with  the  2,4-dinitro- 
phenylhydrazone  of  synthetic  p-methoxyacetophenone  melted  at  214-215*.  A  small  amount  of  anisic  acid  with 
m.p.  182?*  was  isolated  from  the  acid  part. 

Oxidation  of  pentenylanisole  with  nitric  acid.  Heating  1  g  of  the  3rd  fraction  with  75  ml  of  25%  nitric  acid 
gave  anisic  acid  with  m.p.  182-184*  (after  sublimation  and  repeated  recrystallization  from  aqueous  alcohol). 

Bromination  of  pentenylanisole.  The  calculated  amount  of  bromine  in  the  form  of  a  4%  solution  in  chloroform 
was  added  in  the  dark  with  cooling  to  2.64  g  of  pentenylanisole  in  a  fivefold  amount  of  chloroform.  The  chloro¬ 
form  was  removed  in  vacuum  on  a  water  bath  and  the  residue  crystallized  (crystallization  began  instantly  when  a  seed 
of  the  dibromide  was  inuoduced).  The  crystals  were  collected,  washed  with  a  small  amount  of  anhydrous  alcohol, 
dried,  and  weighed.  On  prolonged  standing,  the  mother  liquor  deposited  a  further  amount  of  the  dibromide  (distil¬ 
lation  of  the  residue  after  removal  of  the  chloroform  in  vacuum  gave  similar  results).  The  dibromide  crystallized  in 
the  form  of  white  lustrous  leaflets  (from  anhydrous  alcohol).  The  yields  are  given  in  Table  2.  The  product  was 
identified  by  a  mixed  melting  point  with  synthetic  2,3-dibromo-(p-methoxyphenyl)-pentane. 

Synthesis  of  4-(  p -M  ethoxypheny  1) -2 -pentene 

4-Chloro-2-pentene  [13].  Saturation  of  35.3  g  of  piperylene  with  dry,  gaseous  hydrogen  chloride  with  cooling 
gave  38.6  g  (78.8%)  of  a  fraction  with  b.p.  30-32*  (65  mm).  After  being  washed  with  water,  dried  with  calcium 
chloride,  and  redistilled,  the  substance  had  the  following  constants: 

B.p.  102-103*  ,  n*®D  1.4335,  d*®4  0.9001,  MRp  29.52.  C5H9CIF.  Calculated  29.79.  Literature  data  [13,  14]: 
b.p.  96-9r,  n*®D  1.4320-1.4328,  (i*®4  0.9001-0.9004. 

p-Bromoanisole  was  obtained  by  the  Sandmeyer  reaction  [15]  from  62  g  of  p-anisidine.  The  yield  was  39.8  g 
(84.5%). 

B.p.  94-96*  (15  mm),  i^®D  1.5602.  (?®4  1.4656. 

Literature  data  [16]:  b.p.  100*  (16  mm),  n^D  1.5605,  d*®4  1.457. 

4-(p-Methoxvphenvl)-2-pentene.  A  solution  of  21.2  g  of  4-chloro-2-pentene  in  40  ml  of  absolute  ether  was 
added  over  a  period  of  2  hr  with  cooling  to  the  organomagnesium  compound  from  30.6  g  of  p-bromoanisole  and 
4.8  g  of  magnesium  in  180  ml  of  absolute  ether,  and  then  the  mixture  was  heated  on  a  water  bath  for  2  hr  and  treated 
with  10%  hydrochloric  acid.  Vacuum  distillation  of  the  residue  (after  drying  and  removal  of  the  solvent)  gave  28.4  g 
(64%)  of  4-(p-methoxyphenyl)-2-pentene,  which  boiled  at  124-130*  (15  mm).  Treatment  with  alkali  and  redistillation 
gave  a  colorless  liquid. 

B.p.  83-86*  (3  mm),  n*®D  1.5190,  d*®4  0.9512,  MBp  56.24.  CijHigOF.  Calculated  55.19. 

Oxidation  of  2.64  g  of  4-(p-methoxyphenyl)-2-pentene  gave  1.06  g(46.2%)  of  crude  anisic  acid  with  m.p. 
180-181*  and  0.1  g  (3.7%)  of  p-methoxybenzoylformic  acid  as  an  oil. 


94 


2,3-Dibromo-(P~niethoxyphenyl)-pentane.  From  3.57  g  of  4-<p-methoxyphenyl)-2-pcntene  In  15  ml  of  chloro¬ 
form  and  3.5  g  of  bromine  in  the  form  of  a  4*7o  solution  in  chloroform  we  obtained  6.0  g  (93.3*9>)  of  the  dibromide. 
The  white  lustrous  crystals  had  m.p.  73-74*  (ftom  alcohol). 

Found *70;  c  42.82,  42.64;  H  4.90,  5.07;  Br  47.40.  CuH^OBr,.  Calculated‘S:  C  42.88;  H  4.80;  Br  47.56. 

SUMMARY 

1.  The  alkylation  of  anisole  with  piperylene  in  the  presence  of  boron  trifluoride  ethyl  etherate  was  studied. 

2.  It  was  shown  that  anisole  may  be  alkenylated  in  the  nucleus  with  piperylene  to  give  up  to  62^  of  pentenyl- 
anisole. 

3.  The  effect  of  various  factors  on  the  pentenylanisole  yield  and  the  ratio  of  pentenylanisole  to  h^h-boiling 
reaction  products  was  established. 

4.  The  main  alkenylation  product  was  4-<p-methoxyphenyl)"2-pentene. 

5.  4-(p-Methoxyphenyl)-2-pentene  was  prepared  by  an  unequivocal  synthesis  and  2,3-dibromo-(p-methoxy- 
phenyl) -pentane  was  obtained. 
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We  established  the  main  features  of  the  alkylation  of  anisole  with  piperylene  using  boron  trifluoride  ethyl 
etherate  as  the  catalyst  [1].  As  a  diene  compound  with  conjugated  bonds,  piperylene  reacts  predominantly  in  the 
1,4-position  in  accordance  with  the  electron  density  distribution  to  form  pentenylanisole,  which  consists  mainly  of 
4-(p-methoxyphenyl)-2-pentene  (I)  [1,  2]. 


CH=r^CH=^?H,  ^CeHjOCHj 
«  3  2  1 


rH3-CH-CH=CH-CH3  CH3- CH  —  CH-CHjCHj 


(0 


The  optimal  conditions  for  alkenylation  of  the  nucleus  were  found  to  be  a  temperature  of  0-20*,  dilution 
of  the  piperylene  with  anisole  in  the  proportion  of  3.5-4  moles  per  mole  of  piperylene,  the  use  of  0, 1-0.3  mole  of 
catalyst,  and  a  reaction  time  of  50  hr. 

However,  we  were  unable  to  obtain  pentenylanisole  in  more  than  62f^o  yield.  We  therefore  attempted  to  obtain 
higher  yields  of  pentenylanisole  by  the  use  of  other  catalysts. 

In  the  present  work  we  describe  the  alkylation  of  anisole  with  piperylene  in  the  presence  of  boron  trifluoride, 
anhydrous  orthophosphoric  acid,  the  molecular  compound  of  boron  trifluoride  and  orthophosphoric  acid,  aluminum 
chloride,  and  the  product  of  its  reaction  with  phosphoric  acid,  AlClj  •  H2PO4,  which  was  proposed  in  a  patent  [3]. 

The  molecular  compound  of  boron  trifluoride  and  orthophosphoric  acid  is  regarded  as  one  of  the  best  catalysts 
for  the  alkylation  of  aromatic  compounds  with  olefins  [4].  Therefore,  despite  the  strong  polymerizing  action  of  this 
catalyst  in  comparison  with  boron  trifluoride  ethyl  etherate,  it  seemed  interesting  to  use  it  in  the  alkylation  with 
diolefins  with  conjugated  bonds,  the  more  so  as  the  alkenylation  of  toluene  with  piperylene  in  the  presence  of  this 
catalyst  has  been  reported  in  a  patent  [5].  Attempts  to  use  aluminum  chloride  in  condensations  of  this  type  have  been 
reported  in  the  literature  [6,  7].  However,  the  use  of  such  a  vigorous  catalyst  leads  to  polymerization  of  the  diene, 
and  low-molecular  compounds  are  formed  only  in  very  small  amounts. 

We  were  able  to  alkenylate  the  aromatic  nucleus  with  all  the  given  catalysts  (Tables  1  and  2).  The  best 
results  were  obtained  with  the  mildest  catalyst,  namely  anhydrous  orthophosphoric  acid.  Alkylation  in  the  presence 
of  phosphoric  acid  was  characterized  by  the  complete  absence  of  by -products, and  high  yields,  regardless  of  the 
reaction  conditions.  The  process  could  be  accelerated  by  brief  heating  of  the  reaction  mixture  to  40-45*.  Quite  high 
yields  of  pentenylanisole,  higher  than  with  BFs  could  also  be  obtained  with  such  active  catalysts  as 

BFs*HjP04,  BFj,  and  AlClg.  With  boron  trifluoride,  the  reaction  was  accompanied  by  the  formation  of  a  considerable 
.  amount  of  high -boiling  products. 

The  conditions  giving  an  increase  in  the  pentenylanisole  yields  depended  to  a  large  extent  on  the  activity  of  the 
catalyst:  The  more  active  the  catalyst,  the  milder  the  conditions  had  to  be,  i.e.,  the  smaller  the  amount  of  catalyst, 
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TABLE  1 


Alkylation  of  Anisole  with  Pipexylene  in  the  Presence  of  lOO^Ordiophosphoric  Acid 
(6.8  g  of  piperylene  was  used  in  each  experiment) 


Molar  ratios 
of  piperyl¬ 
ene:  anisole: 
phosphoric 
acid 

Heating  ( 
ring  at  rc 
_aturfi) _ 

time 

(hr) 

after  stir- 
(om  temper- 

temper¬ 

ature 

Total 
stirring 
time  ( M) 

Reaction 

time 

(hr) 

Pentenyl- 
anisole 
yield  C^) 

Yield  of  high- 
boiling  products, 
inclumng  distil¬ 
lation  residue, 
relative  to  the  sum 
of  the  reat^on 
products  {yo) 

1  :4:0.13 

_ 

— 

6.5 

6.5 

52.3 

15.8 

1  :4:().20 

_ 

— 

10.5 

50 

76.0 

11.2 

1:5: 0.25 

_ 

— 

3 

3 

37.5 

24.1 

1  :4:0.25 

— 

— 

7 

20.5 

83.8 

14.1 

1:4: 0.25 

— 

— 

8 

8 

86.8 

— 

1:4: 0.25 

— 

— 

9 

9 

&S.6 

7.5 

1:4: 0.25 

_ 

— 

13.5 

50 

92.2 

8.6 

1:5:  0.25 

2 

35—40° 

6.5 

6.5 

71.7 

10.4 

1:4: 0.25 

1 

40-50 

5 

5 

77.3 

8.1 

1:5: 0.25 

1 

50 

3.5 

3.5 

80.5 

8.2 

1  :4:0.25* 

— 

— 

8 

50 

44.6 

9.4 

1  :5:0.25** 

— 

— 

9 

!  9 

71.3 

21.7 

*  85*^  orthophosphoric  acid. 

*  *  Concentrated  sulfuric  acid. 

*  *  *From  the  fraction  with  b.p.  180-200*  (2.5  mm)  we  isolated  2,3-bls-(p-methoxyphenyl)- 
pentane  with  m.p.  107-108*  [8]. 


TABLE  2 

Alkylation  of  Anisole  with  Piperylene  in  the  Presence  of  BF),  BF}  *  H1PO4,  AlCla,  AlCli  *  H|tP04 
(6.8  g  of  piperylene  was  used  in  each  experiment) 


Catalyst 

Molar  ratios  of 
piperylene: 
anisole: 
catalyst 

Reaction 
time  (hr) 

Yield 

Yield  of  high- 
boiling  products, 
including  distil- 

reaction 
products  (g) 

pentenyl- 
anisole  (%) 

1 

1 

lation  r^idue, 
relative  to  the  sum 
of  the  reaction 
products  (%) 

RF3 

1  :4:0.04 

4 

6.8 

22.5 

41.7 

BF3 

1  : 4:0.10 

1.5 

1.5.7 

65.4 

26.7 

11 F3 

1  :5:0.10 

1.5 

15.0 

53.4 

37.3 

BF3 

1  : 5:0.10 

3.5 

15.7 

66.9 

25.1 

13  Ft 

1 :  10:0.25 

3.5 

17.7 

59.4 

40.7 

13  F3 

1  :4:0.12 

6 

16.9 

58.5 

39.0 

13  F3 

1  :4:0.I0 

24* 

17.4 

•34.1 

62.7 

BF, 

1  :4:0.12 

46* 

16.3 

27.8 

69.1** 

BF3.  II3PO4 

1  :4:0.10 

4 

13.0 

56.5 

24.1 

BF3.  llal’Oi 

1  :4:0.10 

8 

14.9 

65.4 

22.5 

BFj.  II3PO4 

1  : 10:0.10 

8 

12.9 

55.1 

16.8 

BFa  .  H.,1»04 

1:10:0.25 

18 

17.6 

84.0 

13.9 

AICI3 

1  : 4.5 : 0.015 

3 

2.2 

12.2 

_ 

AlClg 

1:4: 0.07 

2.5 

15.4 

6.5.4 

25.9 

AICI3 

1:8: 0.07 

3.5 

16.6 

66.3 

30.6 

AIGIt 

1  :  10:0.08 

5 

15.4 

68.7 

21.3 

AICI2  •  M2PO4 

1:4: 0.05 

6 

10.7 

47.0 

23.0 

AICI2  •  H>P^4 

1  :4:0.10 

7 

14.1 

67.7 

27.0 

*  The  mixture  was  stirred  for  5  hr  and  left  at  room  temperature  for  the  rest  of  the  time. 

•  •  On  standing,  the  fraction  with  b.p.  180-200*  (2  mm),  i^*D  1.5537,  deposited  crystals 
with  m.p.  106-107.5*  (from  alcohol),  corresponding  to  2,3-bis-(p-methoxyphenyl)-pentane 


[8]. 
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the  shorter  the  reaction  time  and  the  greater  the  dilution.  Thus,  while  in  the  case  of  BF3  *0( 02115)2  the  yield  of  the 
reaction  product,  which  was  56-59%  at  a  dilution  of  1:  4,  depended  little  on  the  amount  of  catalyst  over  the  range 
of  0.1 -0.3  mole,  with  phosphoric  acid,  an  increase  in  the  amount  of  catalyst  from  0.1  to  0.25  mole  led  to  an  increase 
in  the  yields  to  89-92%;  with  BF3  and  BF3  •H3PO4,  it  was  necessary  to  use  not  more  than  0.1  mole  of  catalyst  to  avoid 
the  formation  of  high-boiling  products, and  with  AlC^  these  amounts  were  even  less  (0.07  mole).  The  pentenyl- 
anisole  yields  reached  only  65%.  The  best  yields  with  BF3  •H3PO4  could  be  attained  only  with  a  simultaneous  increase 
in  the  amount  of  catalyst  and  dilution;  with  molar  ratios  of  piperylene;  anisole:  catalyst  of  a  1:  4:  0.1  and  1:  10:  0.25, 
the  product  yields  were  65  and  84%,  respectively.  Thus,  in  comparison  with  phosphoric  acid,  BF3*H3P04  required  a 
further  increase  in  the  dilution  with  anisole  with  the  same  amounts  of  catalyst  ( 0.25  mole).  Considerable  amounts  of 
high -boiling  products  were  formed, and  the  yield  of  pentenylanisole  was  low  with  boron  trifluoride  even  at  these 
dilutions. 

The  duration  of  the  process  had  a  very  strong  effect  on  the  pentenylanisole  yield.  Under  the  optimal  conditions 
found  for  BF3  *0(02115)2,  namely  a  reaction  time  of  50  hr  and  molar  ratios  of  piperylene:  anisole:  catalyst  of  1:  4:  0.1, 
with  boron  trifluoride  we  obtained  mainly  high-boiling  substances,  from  which  it  was  possible  to  isolate  2,3-bis-(p- 
methoxyphenyl) -pentane  (11)  [8].  The  yield  of  the  main  product  hardly  reached  28%.  The  highest  yields  of  pentenyl¬ 
anisole  in  the  presence  of  boron  trifluoride  were  obtained  with  a  reaction  time  of  1.5-3.5  hr  (dilution  of  1:  4  and 
1:  5)  and  with  aluminum  chloride,  from  2  to  5  hr  (dilution  of  1:  4  and  1: 10).  A  reaction  time  of  not  less  than  8  hr 
was  necessary  to  obtain  the  same  results  with  BF3  •H3PO4.  The  pentenylanisole  yield  was  87-89%  after  8-9  hr  with 
anhydrous  orthophosphoric  acid, and  the  time  that  the  mixture  was  stirred  was  of  considerable  importance  (phosphoric 
acid  is  not  miscible  with  the  reaction  components),  while  the  time  that  the  mixture  stood  without  stirring  had 
practically  no  effect  on  the  yield.  Under  the  same  conditions,  85%  phosphoric  acid  gave  much  worse  results;  the 
pentenylanisole  yields  were  71%  with  concentrated  sulfuric  acid.  AlCl2*H2P04  was  similar  in  catalytic  activity  to 
the  molecular  compound  of  boron  trifluoride  and  phosphoric  acid. 

The  structure  of  the  pent  eny  Ian  iso  les  was  demonstrated  by  bromination  of  the  fractions  isolated  by  fractional 
distillation  of  the  main  product  separately  for  each  catalyst  and  identification  of  crystalline  2,3-dibromo-(p-methoxy- 
phenyl) -pentane  (Table  3).  The  presence  of  4-(p-methoxyphenyl)-2-pentene  (!''  wa<:  confirmed  by  conversion  of 
the  pentenylanisole  into  crystalline  2, 3-bis-(p-methoxyphenyl)-pentane  (III)  both  during  the  reaction  itself  (with  BF3 
and  AICI2  *H2P04)  and  by  carrying  out  the  reaction  in  two  stages  (with  BF3  •H3PO4).  To  detect  the  ortho-isomer, 
fractions  of  pentenylanisole  were  oxidized  with  4  and  5%  potassium  permanganate  solution  in  alkaline  and  neutral 
media.  However,  no  o-methoxybenzoic  acid  could  be  detected  in  any  case;  the  oxidation  products  contained 
anisic  and  p-methoxybenzoylformic  acids. 

TABLE  3 


Results  of  Oxidation  and  Bromination  of  Pentenylanisole  Fractions  Obtained  by  Distillation 


Catalyst 

Boiling  point 
(pressure  in  mm) 

Yield 

(g) 

Y ield  of 
dibromide 
with  m.p. 
73-74'  (%)• 

Yield  of  oxidation 
products  (%) 

anisic  jp-methoxy- 
acid  benzoylformic 

lacid 

27—82°  (1.5) 

1.4 

1.51(56 

83-87(1.5) 

9.3 

1.5149 

0.9.51.') 

25.6 

15.5 

11.1 

87—90(1.5—2) 

7.7 

1.5170 

0.9508 

61.0 

35.4 

9.4 

UF;{ 

87.2—87.3  (1.5) 

8.5 

1.5170 

0.9.509 

55.8 

27.7 

14.4 

84—85  (1) 

3.4 

1.5166 

0.9.504 

49.1 

_ 

94-9(5.5  (3) 

17.9 

1.5170 

0.9.501 

63.4 

20.5 

21.4 

97—99.5  (3) 

30.0 

1.5179 

0.9515 

64.9 

42.6 

19.2 

46-78  (0.5) 

1.5 

1.5138 

— 

_ 

_ 

88.2-90  (3) 

17.9 

1.5160 

0  9492 

85.3 

21.8 

3.0 

H„pn. 

90.2—91.2  (3) 

12.7 

1.5161 

0.9492 

53.6 

.50.0 

7.4 

88—88.5  (2.5) 

1.9 

1.5166 

0.9501 

— 

_ 

78.8—84  ( 1  ..5) 

29.3 

1.5169 

0.9512 

70.3 

_ 

_ 

89 -3 1  ^2.5) 

35.8 

1.5170 

0.9513 

72.2 

33.0 

24.0 

•Synthetic  2,3-dibromo-(p-methoxyphenyl)-pentane  melts  at  73-74®  [1]. 
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The  isolation  of  substance  (I)  with  all  the  catalysts  studied  confirmed  the  hypothesis  put  forward  previously  on 
the  reactivity  of  piperylene  as  a  bifunctional  compound  [1].  Alkylation  by  diolefins,  as  a  particular  case  of  conden¬ 
sation  with  ethylenic  unsaturated  hydrocarbons,  probably  proceeds  through  the  formation  of  an  intermediate  complex 
of  the  diene  with  the  catalyst  or  a  ternary  complex  in  which  the  positive  charge  may  be  concentrated  eitho:  on  carbon 
atom  4  or  2,  which  gives  identical  products  in  the  case  of  piperylene.  The  formation  of  the  product  of  1,4-  and  not 
1,2 -addition  agrees  with  the  results  of  alkenylation  with  other  dienes  where  isomers  obtained  by  addition  in  the  1,2- 
and  1,4-positions  are  readily  distinguished,  for  example,  with  butadiene  [7,  9],  isoprene  [10],  dimethylbutadiene 
[11],  and  cyclopentadiene  [12].  It  is  also  characteristic  that  with  isoprene,  which,  like  piperylene,  is  not  a  symmetrical 
diolefin,  the  order  of  addition  in  the  1,4-position  corresponds  to  the  electron  density  distribution  in  the  molecule. 

CHj='^-C=^H2+AyH - ►Ar-CHj-CH^C-CHj 

QHj  CHj 

At  the  same  time,  the  literature  contains  reports  on  the  formation  of  other  isomers,  for  example,  CHs“CHj— CH  = 
=CH— CHj-Ar.  This  structure  was  assigned  to  the  products  from  alkenylation  of  toluene  [5]  and  trimethylhydro- 
quinone  [13]  with  piperylene, and  in  the  latter  case  the  authors  considered  that  they  isolated  5,6,8-trimethyl-2-ethyl- 
6-hydroxychroman.  It  seems  to  us  that  these  data  require  checking, as  reliable  methods  of  demonstrating  the  structure 
were  not  used  in  the  work. 


EXPERIMENTAL 

The  alkylation  of  anisole  with  piperylene  was  carried  out  by  the  procedure  described  previously  [1].  In  experi¬ 
ments  with  free  boron  trifluoride,  the  anisole  was  saturated  directly  in  the  reaction  flask.  AlClg  and  AlCl^  *H2P04 
were  added  gradually  to  a  mixture  of  anisole  and  piperylene.  The  purification  and  characteristics  of  the  starting 
materials  were  given  in  [1].  The  molecular  compound  of  boron  trifluoride  and  orthophosphoric  acid  was  prepared  by 
passing  boron  trifluoride  into  lOO^o  H3PO4  (d  1.88)  until  the  required  increase  in  weight  was  reached.  Boron  trifluoride 
was  obtained  from  calcium  fluoride,  boric  anhydride,  and  concentrated  sulfuric  acid  [4].  The  aluminum  chloride  was 
used  without  further  purification.  The  catalyst  AlCl*  •H2PO4  was  obtained  in  accordance  with  the  patent  [3]  by  mix¬ 
ing  equimolecular  amounts  of  anhydrous  AICI3  and  100%  H3PO4  and  then  heating  the  mixture  to  80”  until  the  evolution 
of  hydrogen  chloride  ceased  completely.  The  product  was  an  almost  white,  porous  mass,  which  was  less  hygroscopic 
than  aluminum  chloride.  More  than  50  experiments  were  carried  out, and  the  most  characteristic  are  given  in  Tables 
1  and  2. 

Combined  portions  of  pentenylanisole  for  each  catalyst  separately  were  vacuum  distilled  on  a  column,  but  it  was 
impossible  to  isolate  individual  isomers.  Table  3  gives  the  hractions  obtained  by  distillation  of  pentenylanisoles  pre¬ 
pared  with  boron  trifluoride  and  phosphoric  acid  and  also  the  results  of  bromination  and  oxidation  with  5%  potassium 
permanganate  solution  [1].  In  the  case  of  BF3  *H3P04  and  AlCls,  4  fractions  were  isolated  in  each  distillation  and 
with  A1C]2*H2P04,  3  fractions:  they  all  had  similar  constants  and  gave  similar  results  on  oxidation  and  bromination 
and  therefore  are  not  given  in  the  table. 

The  dibromides  were  identified  by  a  mixed  melting  point  with  2,3-dibromoKP“methoxyphenyl)-pentane,  which 
we  obtained  from  synthetic  4-(p-methoxyphenyl)-2-pentene  [1],  and  the  anisic  acid  by  a  mixed  melting  point  with 
a  synthetic  sample  prepared  from  p-bromoanisole  by  organomagnesium  synthesis  [14].  Synthetic  2,3-dibtomo-(p- 
methoxyphenyl)-pentane  melted  at  73-74“  and  the  anisic  acid  at  183-184*  [15].  p-Methoxybenzoylformic  acid, 
which  was  isolated  as  an  oil  in  most  experiments,  was  identified  by  its  conversion  to  anisic  acid  by  treatment 
with  30%  hydrogen  peroxide  [16].  The  yield  of  p-methoxybenzoylformic  acid  was  considerably  higher  with  oxidation 
in  an  alkaline  medium  and  it  could  be  isolated  in  a  crystalline  form.  Experiments  on  the  oxidation  of  pentenyl¬ 
anisole  fractions  obtained  in  the  presence  of  phosphoric  acid  with  potassium  permanganate  in  an  alkaline  medium 
[1]  are  given  below. 

a)  The  oxidation  of  3.52  g  of  the  3rd  fraction  with  4  g  of  caustic  alkali  in  80  ml  of  water  and  21  g  of 
potassium  permanganate  (12  g  in  the  form  of  a  4%  solution  and  the  rest  as  a  powder)  with  subsequent  heating  on  a 
water  bath  yielded  2.2  g  of  white  crystals  (on  freezing  in  snow)  and  0.45  g  (12.6%)  of  p-methoxybenzoylformic 
acid  as  an  oil.  Recrystallization  of  the  main  portion  gave  0.09  g  (3.1%)  of  anisic  acid  (m.p.  182-183*)  and  the  rest 
of  the  crystals  were  p-methoxybenzoylformic  acid  with  m.p.  89-90*,  which  corresponds  to  literature  data  [15]. 
Treatment  of  the  acid  with  hydrogen  peroxide  yielded  anisic  acid  (m.p.  180-181.5*). 
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b)  Oxidation  of  3,53  g  of  the  2nd  fraction  gave,  after  recrystallization,  11.1*70  of  anisic  acid  (m.p.  182-183*)  and 
31%  of  p-methoxybenzoylformic  acid  (m.p.  83-84*).  Treatment  of  0.37  g  of  crystalline  p-methoxybenzoylformic  acid 
with  hydrogen  peroxide  yielded  0,33  g  (84%)  of  anisic  acid  (m.p.  181.5-182.5*). 

Alkylation  of  anisole  with  pentenylanisole  in  the  presence  of  BFa*HaPOi.  Heating  a  mixture  of  19,8  g  of 
pentenylanisole,  obtained  with  phosphoric  acid,  23.3  g  of  anisole,  and  3.58  g  of  BFs  •H9PO4  on  a  water  bath  with 
stirring  for  2  hr  yielded  10,25  g  (33.4%)  of  a  dianisylpentane  fraction. 

B.p.  190-20r  (8  mm),  1.5610,  d*®4  1.0590,  MRd  86.76.  Ci9H2402Pe.  Calculated  86.03. 

On  addition  of  anhydrous  alcohol  and  freezing,  the  bulk  of  the  substance  crystallized.  We  isolated  white 
needlelike  crystals  of  2,3-bis-(p-methoxyphenyl)-pentane  with  m.p.  106-107*  (from  alcohol)  [8], 

SUMMARY 

1,  The  alkylation  of  anisole  with  piperylene  in  the  presence  of  BF3  •  H8PO4,  BF8,  H8PO4,  AlClg,  AICI2  *  H3PO4,  and 
HjS04  was  studied.  It  was  shown  that  anisole  may  be  alkenylated  with  piperylene  to  give  pentenylanisoles  in  a  yield 
of  65-92%.  The  best  catalyst  for  the  alkenylation  of  anisole  with  piperylene  was  anhydrous  orthophosphoric  acid. 

2.  It  was  shown  that  the  main  alkenylation  product  with  all  the  catalysts  used  was  4-(p-methoxyphenyl)-2- 
pentene.  The  reaction  of  anisole  with  piperylene  proceeds  in  accordance  with  the  polarity  of  piperylene  and  pre¬ 
dominantly  in  the  1,4-position,  regardless  of  the  nature  of  the  acid  catalyst. 
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On  the  basis  of  experimental  data,  we  previously  [1,  2]  put  forward  some  considerations  on  the  steric  structure 
of  the  known  effective  analgesics  promedol  and  a -promedol,  which  are  esters  of  the  y-  and  a -isomers,  respectively, 
of  l,2,5-trimethyl-4-phenyl-4-piperidol  [3,  4].  It  was  proposed  that  the  isomeric  y  -  and  a-1, 2 ,5 -trimethyl -4-phenyl 
4-piperidols  are  derivatives  of  ttans-l,2,5-trimethyl-4-piperidone  and  differ  from  each  other  in  the  position  of  the 
phenyl  radical  and  hydroxyl  group  at  the  fourth  carbon  atom  of  the  piperidine  ring. 

In  the  y  -isomer  (the  piperidol  corresponding  to  promedol)  the  phenyl  radical  at  C4  and  the  methyl  group  at  Q 
are  in  the  trans  position.  In  the  a- isomer  (the  piperidol  conesponding  to  a -promedol)  these  substituents  occupy  the 
cis  positions. 


CoHsv.yOH 

CoH5\^./OH 

V'-Cll3 

1 

1 

CH3 

7- isomer 

a-  isomer 

In  examining  various  ways  of  preparing  promedol,  a -promedol,  and  isopromedol,  we  studied  the  separation  of 
the  stereoisomeric  l,2,5-trimethyl-4-phenyl-4-piperidols  by  chromatography  on  alumina.  Through  identical  chromato¬ 
graphy  columns  filled  with  alumina  were  passed  solutions  of  1.5  g  of  each  of  the  stereoisomeric  l,2,5-trimethyl-4- 
phenyl-4-piperidols  in  chloroform  and  the  sequence  of  their  elution  from  the  column  determined. 

The  displacement  volumes  in  the  elution  of  the  isomeric  l,2,5-trimethyl-4-phenyl-4-piperidols  were  60  ml  for 
they  -isomer,  75  ml  for  the  6 -isomer,  and  105  ml  for  the  a-isomer  (Fig.  1). 


Fig.  1.  Elution  of  isomeric  1,2,5 -trimethyl 
4-phenyl-4-piperidols  (adsorbent  AI2O3, 
solvent  CHCI3). 


We  studied  the  separation  of  mixtures  of  equal  amounts  (0.75g 
of  each)  of  two  stereoisomeric  l,2,5-trimethyl-4-phenyl-4-piperl- 
dols  (a  6,  a  +  y  ,  and  B  +  y)  on  the  same  chromatographic  columns 
(Fig.  2). 

As  was  to  be  expected,  the  8-isomer  was  eluted  first  from 
the  mixture  of  a-  and  6-piperidols  and  then  the  a -isomer.  First 
the  y  -isomer  and  then  the  a -isomer  were  eluted  from  the  mixture 
of  a-  and  y  -piperidols,and  the  sequence  of  elution  from  the  mix¬ 
ture  of  6-  and  y  -piperidols  was  first  the  y  -  and  then  the  8-isomer. 
In  the  latter  case  there  was  not  such  sharp  separation  as  with  the 
mixtures  given  above.  After  the  first  fractions,  which  contained 
the  y  -isomer,  a  mixture  of  isomeric  piperidols  (~30^)  was  eluted 
and  then  the  8  -isomer. 
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Fig.  2.  Separation  of  binary  mixtures  of  l,2,5-trimethyl-4-phenyl-4-piper- 
idols  by  chromatography. 


Consequently,  the  isomeric  l,2,5-trimethyl-4-phenyl-4-piperidols  are  adsorbed  on  alumina  to  different  extents, 
and  these  are  determined  by  their  steric  structure.  Chromatography  is  sometimes  used  as  an  additional  method  of 
demonstrating  the  configuration  of  stereoisomeric  alcohols  and  their  ethers.  On  a  large  number  of  examples,  especial¬ 
ly  in  the  steroid  series,  it  has  been  established  that  alcohols  with  an  equatorial  hydroxyl  group  are  adsorbed  more 
strongly  and  consequently  are  more  difficult  to  elute  from  a  chromatography  column  than  alcohols  with  an  axial 
hydroxyl  group  [5]. 

On  the  basis  of  this  principle  of  conformational  analysis  and  the  results  given  above  it  may  be  concluded  that 
in  the  a-isomer  of  1,2,5 -trimethyl -4-phenyl -4-piperidol,  which  is  adsorbed  more  strongly  by  alumina,  the  hydroxyl 
group  occupies  an  equatorial  position  and  the  y -isomer,  which  is  eluted  from  a  chromatography  column  much  more 
rapidly  than  the  a-isomer,  contains  an  axial  hydroxyl  group. 
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•y -Isomer 
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“  •  isomer 


There  was  evidently  no  conversion  of  the  piperidine  ring  during  chromatography  of  the  a-  and  y  -isomers  of  the 
piperidol.  The  conversion  form  of  the  y  -isomer  should  be  extremely  unstable  due  to  the  axial  position  of  all  the 
substituents  apart  from  the  hydroxyl  group.  The  formation  of  the  conversion  form  of  the  a-isomer,  in  which  the 
phenyl  radical  occupies  an  equatorial  position,  is  more  probable.  However,  in  this  case  there  should  be  no  sharp  dif¬ 
ference  in  the  adsorption  of  the  y-  and  a -isomers  of  the  piperidol  as  they  would  both  have  equatorial  hydroxyl  groups. 

The  synthesis  of  the  a-isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  from  1, 2,5 -trimethyl- A® -didehydro-4- 
piperidone  was  described  in  a  paper  published  recently  [6].  This  piperidone  and  phenyllithium  yielded  1,2,5-trimethyl- 
4-phenyl -A® -didehydro-4-piperidol,  which  yielded  the  a-isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  on 
catalytic  hydrogenation.  Theoretically,  the  reaction  of  phenyllithium  with  l,2,5-ttimethyl-A®-didehydro-4-piperi- 
done  can  form  two  stereoisomeric  l,2,5-trimethyl-4-phenyl-A®-didehydro-4-piperidols. 
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Only  one  isomer  of  l,2,5-trimethyl-4-phenyl-A®-didehydro-4-piperidol  was  isolated  in  the  synthesis  and  this 
was  hydrogenated  catalytically.  Since  the  structure  of  the  l,2,5-trimethyl-4-phenyl-A®-didehydro-4-piperidol  was 
not  established,  its  subsequent  conversions  must  be  considered  on  the  basis  of  the  two  theoretically  possible  stereo¬ 
isomeric  forms  given  above.  The  catalytic  hydrogenation  of  each  of  these  isomers  may  form  two  isomeric  piperidols 
belonging  to  the  trans  series  with  respect  to  the  position  of  the  methyl  groups  relative  to  the  piperidine  ring  and  two 
belonging  to  the  cis  scries.  As  the  a-isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  belongs  to  the  trans  series,  of 
ali  the  possible  isomeric  piperidols  which  could  be  formed  by  hydrogenation  of  l,2,5-trimethyl-4-phenyl-A®-didehydro- 
4-piperidol,  we  will  examine  only  those  that  have  the  methyl  groups  in  the  same  position  relative  to  the  piperidine 
ring  (the  stereochemistry  of  the  B  -  isomer  will  be  considered  separately). 
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The  possibility  of  the  formation  of  one  of  these  two  piperidols  in  the  catalytic  hydrogenation  of  1,2,5-ttimethyl- 
4-phenyl-A®-didehydto-4-piperidol  is  determined  by  steric  factors  which  affect  the  adsorption  of  this  unsaturated 
compound  by  the  catalyst  and  steric  factors  affecting  the  addition  of  hydrogen.  The  adsorption  of  l,2,5-trimethyl-4“ 
phenyl  “A®  “didehydto-4-piperidol  and  also  the  addition  of  hydrogen  are  hindered  from  the  side  of  the  ring  on  which  the 
phenyl  radical  lies,  while  the  other  side  of  the  ring  is  not  sterically  hindered  in  this  respect  (one  of  the  possible 
conformations  of  the  unsaturated  piperidols  is  illustrated  in  the  scheme). 

Consequently,  if  we  consider  the  steric  structure  of  l,2,5-trimethyl-4-phenyl-A®-  didehydro-4-piperidol and  also 
that  there  is  cis  addition  of  hydrogen  in  the  catalytic  hydrogenation,  then  in  the  hydrogenation  of  the  unsaturated 
piperidol  examined  one  might  expect  the  formation  of  l,2,5-trimethyl-4-phenyl-4-plperidol  with  the  phenyl  radical 
at  C4  and  the  methyl  group  at  C5  in  the  cis  position.  This  structure  corresponds  to  the  a-isomer  of  1, 2, 5 -trim  ethyl - 
4-phenyl-4-piperidol,  which  was  actually  isolated  in  this  synthesis. 

Promedol  and  a-promedol  are  formed  by  treatment  of  y-  and  a-l,2,5-trimethyl-4-phenyl-4-piperidols, 
respectively,  with  propionyl  chloride.  Promedol  preparations  obtained  in  this  way  are  readily  purified  by  recrystal¬ 
lization  from  acetone  or  alcohol.  However,  samples  of  a-promedol  isolated  in  this  way  normally  melt  at  a  lower 
temperature  and  over  wide  ranges  (96-103,  98-108,  103-109,  106-108,  107-112,  126-131*).  Successive  recrystalli¬ 
zations  from  acetone  or  alcohol  do  not  lead  to  a  substantial  change  in  the  melting  point.  After  trying  various  solvents, 
we  established  that  the  hydrochloride  of  the  propionate  of  the  a-isomer  of  1,2,5 -trimethyl -4-phenyl-4-piperidol 
(a-promedol)  dissolves  in  benzene  and  partially  in  toluene.  By  using  benzene  for  the  recrystallization  of  a-promedol, 
we  obtained  a  sample  of  the  latter  with  m.p.  153-154*. 

It  should  be  noted  that  the  a-promedol  samples  we  isolated  (with  m.p.  106-107,  126-131,  and  153-154*)  were 
found  to  be  identical  pharmacologically.  Their  anesthetic  activities  were  approximately  2-2.5  times  greater  than 
that  of  promedol  and  almost  equal  to  that  of  isopromedol.  They  were  also  equivalent  in  toxicity* . 

Hydrolysis  of  all  these  samples  of  a-promedol  yielded  the  a-isomer  of  l,2,5-trimethyl-4-phenyl-4^piperidol. 

EXPERIMENTAL 

The  determination  of  the  displacement  volumes  of  stereoisomeric  l,2,5-trimethyl-4-phenyl-4-piperidols  (1.5  g) 
on  passing  through  a  chromatography  column  is  given  in  Table  1. 

The  separation  of  binary  mixtures  of  isomeric  l,2,5-trimethyl-4-phenyl-4-piperidols  by  chromatography  on 
alumina  is  given  in  Table  2. 

The  isolation  of  the  a-isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  from  a  mixture  of  the  isomeric  a-, 

6-,  and  y-piperidols  by  chromatography  on  alumina  is  given  in  Table  3. 

Propionate  of  the  a-isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (g-promedol).  To  12  g  of  the  a-isomer  of 
l,2,5-trimethyl-4-phenyl-4-piperidol  (m.p.  IO6-IOT),  0.5  g  of  magnesium,  and  120  ml  of  anhydrous  benzene  was 

•These  preparations  were  examined  pharmacologically  by  M.  D.  Mashkovskii. 
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TABLE  1 


Footnote;  The  column  was  50  cm  in  height  and  1.5  cm  in 
diameter  and  the  weight  of  alumina  was  69  g.  The  solvent  was 
chloroform.  The  volume  of  the  fractions  collected  was  5  ml. 


TABLE  2 


Isomeric 

1,2,5-tri- 

methyl-4- 

phenyl-4- 

piperidols 

Number 

of 

fractions 

taken 

Total  volume 
of  solution 

column(ml) 

Amount  of 
piperidol 
isolated  (g) 

Isomer  of  1,2,5- 

trimethyl-4- 

phenyl-4-piper- 

pipendol 

isolated 

17 

85 

23 

115 

0.6 

P 

a  +  P 

27 

135 

0.73 

a 

2 

10 

Traces 

2 

10 

— 

( 

14 

70 

_ 

22 

no 

0.7 

V 

0+7 

27 

135 

0.7 

a 

2 

10 

Traces 

2 

10 

— 

f 

14 

70 

_ 

17 

85 

0.48 

7 

P+  T 

13 

65 

0.4 

M  ixture  of  B  and  y 

13 

65 

0.47 

P 

4 

20 

Traces 

Footnote  :  The  column  was  50  cm  in  height  and  1.5  cm 
in  diameter.  The  alumina  weighed  69  g.  The  solvent  was 
chloroform.  The  starting  mixture  consisted  of  0.5-g  portions 
of  each  isomeric  piperidol.  The  volume  of  the  fractions 
collected  was  5  ml. 

added  15.5  ml  of  propionyl  chloride  with  vigorous  stirring.  The  mixture  was  kept  for  2  days  at  room  temperature  and 
then  heated  for  3.5  hr  with  the  benzene  boiling.  The  precipitate  (1.3  g)  of  the  hydrochloride  of  the  starting  a-isomer 
of  l,2,5-ttimethyl-4-phenyl-4-piperidol  was  collected.  It  had  m.p.  230-231®  (from  anhydrous  alcohol).  The  benzene 
and  excess  propionyl  chloride  were  removed  in  vacuum.  The  residue  was  washed  with  absolute  ether  (trituration  of 
the  precipitate  with  ether)  and  then  dissolved  in  acetone.  Since  it  was  impossible  to  induce  crystallization  (a -promedol 
is  very  soluble  in  acetone),  anhydrous  benzene  was  added  to  the  solution.  Cooling  produced  6.7  g  of  a  precipitate  with 
m.p.  78-123®,  which  was  recrystallized  from  benzene.  The  crystals  thus  isolated  melted  at  151-153®.  Heating  the 
precipitate  in  absolute  ether  yielded  the  hydrochloride  of  the  propionate  of  the  a-isomer  of  l,2,5-trimethyl-4-phenyl- 
4-piperidol  (a-promedol)  with  m.p.  153-154®  (this  sample  of  a-promedol  was  examined  pharmacologically). 
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TABLE  3 


Isomeric 

1,2,5-tri- 

mcthyl-4- 

phenyl-4- 

piperidols 

Number 

Fractions 

taken 

Total 
volume  of 
solution 
emerging 
from  cor. 
I(ml) 

Amount  of 
piperidol 
isolated  (g) 

Isomer  of 
1,2,5-trlmethyl- 
4-pnenyl-4- 
piperidol  Isolated 

1 

18 

90 

_ 

10 

50 

0.3 

7 

18 

90 

0.6 

Mixture  B  and  y 

«.  p.  y 

21 

210 

0.45 

a 

2 

10 

Traces 

— 

2 

10 

Footnote;  The  column  was  50  cm  In  height  and  1.5  cm  in 
diameter.  The  alumina  weighed  69  g.  The  solvent  was 
chloroform.  The  starting  mixture  consisted  of  0.5-g  portions 
of  each  isomeric  piperidol.  The  volume  of  the  fractions  col¬ 
lected  was  5  ml. 

Found  '7o;  Cl  11.31,  11.49;  N  4.57,  4.41.  CitHjsOiNCI.  Calculated  Cl  11.39;  N  4.49. 

Hydrolysis  of  the  propionate  of  the  a -isomer  of  l,2,5-trimethyl-4-phenyl-4-piperldol  (hydrochloride  with 
m.p.  153-154*)  with  a  15*?^  solution  of  potassium  hydroxide  in  alcohol  gave  a  quantitative  yield  of  the  a -Isomer  of 
l,2,5-trimethyl-4-phenyl-4-piperidol  with  m.p.  106-107*. 

SUMMARY 

1.  Some  considerations  are  presented  on  the  structure  of  the  a-  and  y  -isomers  of  1,2,5 -trimethyl-4-phenyl- 
4-piperidol,  of  which  a -promedol  and  promedol  are  derivatives. 

2.  The  separation  of  the  stereoisomeric  l,2,5-trimethyl-4-phenyl-4-piperidols  by  chromatography  on  alumina 
was  studied. 

3.  A  method  of  isolating  a -promedol  (m.p.  153-154*)  is  described. 
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It  was  shown  previously  that  in  contrast  to  benzimidazole  itself,  N -alkyl  substituted  benzimidazoles  (I)  are 
aminated  by  sodamide  to  form  2-amino  derivatives  [1].  1-Ethylbenzimidazole  is  also  aminated  readily.  It  seemed 
interesting  to  determine  whether  N -substituted  derivatives  of  other  heterocycles  containing  an  imidazole  ring  (apart 
from  benzimidazole)  would  undergo  this  reaction.  For  this  purpose  we  treated  1-methyltetrahydrobenzlmidazole  (H), 
1-methyl-  and  l-ethyl-4,5-diphenylimidazole  (III),  and  1-methylphenanthrimidazole  (IV)  with  sodamide.  The 
experiments  were  carried  out  under  the  conditions  for  amination  of  benzimidazole  and  also  at  a  higher  temperature 
(180-190*). 


No  liberation  of  hydrogen  was  observed  in  any  case;  the  starting  compound  was  recovered  from  the  reaction 
mixture  in  80-90^  yield. 


Thus,  the  only  heterocyclic  systems  out  of  those  which  we  studied  that  are  capable  of  reacting  with  sodamide 
are  derivatives  of  benzimidazole,  i.e.,  compounds  in  which  the  imidazole  ring  is  influenced  by  the  benzene  nucleus 
condensed  with  it.  It  is  evident  that  as  a  result  of  the  displacement  of  electron  density  from  the  imidazole  to  the 
benzene  nucleus,  there  arises  on  the  carbon  atom  in  position  2  a  very  high  partial  positive  charge,  which  determines 
the  possibility  of  nucleophilic  substitution  at  the  CH  group.  These  ideas  are  confirmed  by  quantum  mechanical 
calculations  [2]. 

In  N-methyltetrahydrobenzimidazole,  the  electron  density  in  position  2  is  reduced  much  less  than  in  benzimi¬ 
dazole  (I),  as  polarization  in  the  — N  — CH  group  is  produced  only  by  the  hetero  atom.  There  is  approximately  the 
same  electron  density  distribution  in  compounds  (III)  and  (IV);  in  the  imidazole  derivative  (IE)  the  benzene  nuclei 
apparently  are  not  conjugated  with  the  imidazole  ring,  while  in  phenanthrimidazole  (IV)  the  effect  of  the  middle 
nucleus,  whose  aromaticity  is  low,  as  in  phenanthrene  itself,  naturally  cannot  have  an  effect  equivalent  to  that  of  the 
benzene  nucleus  in  benzimidazole. 

The  behavior  of  the  unalkylated  heterocycles  (I)-(IV)  (R  =  R*  =  H)  toward  diazo  compounds  confirms  the 
hypotheses  put  forward;  while  tetrahydrobenzimidazole,  4,5-diphenylimidazole,  and  phenanthrimidazole,  like  4,5- 
dimethylimidazole  [3],  readily  couple  in  position  2  in  an  alkaline  medium  to  form  azo  compounds,  benzimidazole 
does  not  react  with  diazo  compounds.  Consequently  the  displacement  of  electron  density  from  the  imidazole  to  the 
benzene  nucleus  in  benzimidazole  is  so  great  that  even  in  the  anion  form  it  does  not  undergo  the  given  electrophilic 
substitution. 

The  effect  of  the  imidazole  ring  on  the  benzene  ring  in  the  benzimidazole  series  was  characterized  in  the  work 
of  L,  S,  Efros  [4],  Out  observations  show  that,  as  might  have  been  expected,  the  effect  of  the  benzene  on  the 
imidazole  nucleus  is  also  very  great  in  these  compounds. 
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Azo  Compounds  Containing  an  Imidazole  Ring 


EXPERIMENTAL 
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1- Ethylbenz imidazole  was  obtained  by  boiling  (2  hr)  an 
alcohol  solution  of  benzimidazole,  ethyl  iodide  (2  moles),  and 
potassium  hydroxide  (2  moles).  The  potassium  iodide  was 
separated,  the  alcohol  removed,  the  residue  dissolved  in  chloro¬ 
form,  and  the  chloroform  solution  washed  with  alkali.  The 
product  had  b.p.  159-16(f  (11  mm).  The  properties  of  the  base 
and  its  picrate  corresponded  to  literature  data  [5].  The  yield  was 
4(fh. 

2- Amino-l  -ethylbenzimldazole.  The  amination  of  1 -ethyl - 
benzimidazole  with  sodamide  was  carried  out  in  dimethylaniline 
at  120-125*  according  to  [lb].  The  yield  was  58%.  The  colorless, 
needlelike  crystals  had  m.p.  158*  (from  benzene)  and  were  readily 
soluble  in  alcohol  and  water. 

Found %:  N  26.21,  26.41.  CsH^Nj.  Calculated*^;  N  26.07. 

The  picrate  formed  yellow  needles  with  m.p.  284*  (from 
alcohol). 

Found %:  N  21.57.  C9H11N3 ’CeHaOTN,.  Calculated*^: 

N  21.53. 

Hydrochloride.  The  snow-white,  needlelike  crystals  had 
m.p.  100-103*  (from  alcohol  with  ether)  and  contained  1  mole¬ 
cule  of  water.  The  anhydrous  salt  melted  at  178-179*  (drying  at 
90-10Cr). 

Found  *^:  Cl  17.77,  17.97.  CaHjiNa’HCl.  Calculated*^: 

Cl  17.93. 

1  -Methyltetrahydrobenzimidazole  was  obtained  by  heating 
tetrahydrobenzimidazole  [6]  with  dimethyl  sulfate  on  a  water 
bath  for  10  min.  The  yield  was  53*5^>. 


1  -Methyl-4,5 -diphenylimidazole.  4,5-Diphenylimidazole 
was  heated  with  dimethyl  sulfate  on  a  water  bath  for  20  min  and 
the  reaction  product  purified  by  sublimation  at  10-12  mm.  The 
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*  Complete  solution  of  the  benzil  was  unnecessary  as  the  solid 
dissolved  completely  when  ammonia  was  introduced. 
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yield  was  54%.  The  lustrous  platelets  had  m.p.  158*  (from  aqueous  alcohol);  literature  data:  m.p.  14T  [10]  and 
158*  [11].  The  compound  was  not  aminated  when  heated  with  sodamide  In  diethylaniline  at  210*. 

1 -Ethyl -4,5 -diphenylimidazole.  4,5-Diphenylimidazole  was  ethylated  under  the  conditions  used  for  the 
synthesis  of  1 -ethylbenzimidazole.  The  product  had  b.p.  221-223*  (8  mm).  The  yield  was  69%.  The  needlelike 
crystals  had  m.p.  95*  (from  aqueous  alcohol  or  ether);  literature  data;  m.p.  94-95*  [12]. 

1  -Methylphenanthrimidazole  was  synthesized  previously  by  the  reaction  of  phenanthrenequinone  [13]  and 
lO-amino-9-phenanthrol  hydrochloride  [14]  with  methylamine  and  had  m.p.  185-186*  [13]  and  195*  (corr.)[14].  We 
prepared  it  by  methylation  of  phenanthrimidazole  [15]  with  dimethyl  sulfate  (1  mole)  and  purified  it  by  vacuum 
sublimation.  The  yield  was  50%.  The  lustrous  white  platelets  had  m.p.  190-191*  (from  aqueous  alcohol). 

Found  %:  N  12.08,  12.21.  CieHijNj.  Calculated  %:  N  12.06. 

Azo  coupling  of  compounds  containing  an  imidazole  ring.  To  an  alcohol  solution  of  the  heterocyclic  compound 
at  0*  were  added  a  diazo  solution  obtained  from  an  equimolecular  amount  of  the  amine  (0.5  mole  of  benzidine)  and  a 
10%  solution  of  sodium  carbonate.  The  precipitated  azo  compound  was  collected,  washed  with  water,  recrystallized 
from  aqueous  alcohol,  and  dried  in  vacuum  (20  mm)  at  60-70*.  The  yield  was  almost  quantitative  (see  table). 

SUMMARY 

1.  It  was  established  that  in  contrast  to  1-alkylbenzimidazoles,  N -alkyl  derivatives  of  tetrahydrobenzimidazole, 
4,5 -diphenylimidazole,  and  phenanthrimidazole  are  not  aminated  by  sodamide. 

2.  The  behavior  of  the  heterocyclic  systems  (I)-(IV),  containing  an  imidazole  ting  with  an  unsubstituted  NH 
group,  toward  electrophilic  reagents  was  compared  with  that  of  the  N -alkyl  derivatives  of  these  heterocycles  toward 
nucleophilic  reagents. 

3.  1 -Ethylbenzimidazole  was  aminated. 
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We  showed  [1-5]  that  2-amino  derivatives  of  2-phenyl-  and  2-anisylindan-l,3-diones  have  valuable  physio¬ 
logical  properties  and  are  similar  to  barbiturates  [6].  By  synthesizing  2-amlno  derivatives  of  2-benzhydrylindan-l,3- 
dione,  we  expected  to  obtain  new  physiologically  active  derivatives  of  indan-l,3-dione,as  the  introduction  of  a 
benzhydryl  group  into  organic  compounds  is  known  to  make  them  physiologically  active  [7-11].  Some  benzhydryl 
derivatives  have  found  application  in  medicine  [12]. 

We  decided  to  use  the  reaction  of  2-halo-2-benzhydrylindan-l,3-dione  with  amines  for  the  preparation  of 
2-amino  derivatives  of  2-benzhydrylindan-l,3-dione.  In  this  connection  it  was  necessary  to  develop  a  convenient 
method  of  preparing  2-benzhydryllndan-l,3-dlone  Itself  and  lu  bromination  product. 

It  was  established  previously  that  2-nitroindan-l,3-dione  condenses  readily  with  benzhydrol  [13]  to  form 
2-nitro-2-benzhydrylindan-l,3-dione  (I).  In  addition,  it  was  shown  [14]  that  the  reduction  of  2-nltro-2-benzhydryl- 
lndan-l,3-dione  with  tin  and  hydrochloric  acid  in  alcohol  gives  2-benzhydryllndan-l,3-dlone  (H)  and  2-amlno-2- 
benzhydrylindan-l,3-dione.  Both  products  were  obtained  in  low  yields.  Stannous  chloride  in  hydrochloric  acid  also 
reduces  2-nltro-2-phenylindan-l,3-dlone  to  2-phenylindan-l,3-dione  [15]. 

We  established  that  sodium  hydrosulfite  in  alcohol  converts  2-nitro-2-benzhydrylindan-l,3-dione  to  2-benz- 
hydrylindan-l,3-dione  in  good  yield  ( 74-78^). 
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Bromination  of  the  latter  with  bromine  in  glacial  acetic  acid  yielded  2-bromo-2-benzhydrylindan-l,3-dione 
(m),  which  was  treated  with  piperidine,  diethylamine,  ethylamine,  and  ammonia.  It  was  found  that  hardly  any  of 
the  expected  amino  compound  was  formed,  and  the  reaction  was  more  complex  and  similar  to  the  reaction  of  2-bromo- 
2-p-niuophenyllndan-l,3-dlone  with  amines  [16]. 

The  reaction  of  2-bromo-2-benzhydryllndan-l,3-dione  (HI)  with  piperidine  proceeded  in  three  directions  with 
the  formation  of  the  products  (IV),  (V),  and  (VI). 
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The  main  reaction  product  was  the  piperidine  salt  of  2-benzhydrylindan-l,3-dione  (V).  There  was  partial 
elimination  of  hydrogen  bromide  with  the  formation  of  2-diphenylmethyleneindan-l,3-dione  (VI),  which  has  not 
been  described  in  the  literature.  It  did  not  add  bromine  in  the  cold  in  benzene  as  is  often  observed  with  ethylene 
derivatives  in  which  the  double  bond  is  surrounded  by  electrophilic  groups  [17].  When  the  product  (VI)  was  boiled 
with  excess  bromine  in  glacial  acetic  acid,  the  molecule  was  cleaved  at  the  ethylene  bond  as  occurs  with  cis-bit- 
bindonylene  [18]  and  arylidenebindones  [19]. 
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The  expected  2-piperidlno-2-benzhydrylindan-l,3-dione  (IV)  was  formed  only  in  Insignificant  amounts.  Its 
formation  was  indicated  only  by  the  Infrared  spectrum  of  the  incompletely  purified  piperidine  salt  of  2-benzhydryl- 
lndan-l,3-dione. 


2-Bromo-2“benzhydrylindan-l,3-dione  reacted  with  diethylamine  with  more  difficultly  than  with  piperidine. 

In  this  case  a  small  amount  of  the  diethylamine  salt  of  2-benzhydrylindan-l,3-dione  was  formed, and  part  of  the  starting 
bromo  compound  was  recovered.  Under  more  drastic  conditions,  the  salt  was  largely  formed  and  the  starting  bromo 
compound  was  recovered  only  in  very  small  amounts  together  with  the  unsaturated  compound  (VI). 

In  the  reaction  of  2-bromo-2-benzhydrylindan-l,3-dlone  with  ethylamlne,  the  only  reaction  product  isolated 
was  the  ethylimine  of  2-benzhydryllndan-l,3“dlone,  which  may  exist  in  the  tautomeric  forms  (IX)  and(X). 
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The  same  imine  was  obtained  if  excess  ethylamine  was  added  to  a  suspension  of  2-benzhydrylindan-l,3-dione 
in  alcohol.  It  has  been  reported  in  the  literature  [20]  that  the  imino  derivatives  is  formed  readily  by  the  reaction  of 
2-bromO“2-benzhydrylindan-l,3-dione  with  6-naphthylamine. 

2-Bromo-2“benzhydrylindan-l,3-dione  reacted  with  ammonia  with  difficulty  and  formed  only  the  ammonium 
salt  of  2-benzhydrylindan-l,3-dlone. 

From  the  experimental  data  obtained  it  follows  that  the  bromine  atom  in  2-bromO“2-benzhydrylindan“l,3-dione 
is  less  reactive  than  in  2-bromo-2-phenyl-,2-bromo-2“anisyl“,  2“bromo-2“p-nitrophenyl“,  and  2-bromo-2-methyl- 
indandiones  [20].  The  reduction  in  the  reactivity  of  the  bromine  atom  in  2-bromo-2-benzhydrylindan-l,2-dione  is 
apparently  connected  with  the  steric  hindrance  of  the  benzhydryl  group  to  the  nucleophilic  attack  of  the  amine 
molecule  on  position  2. 

Infrared  absorption  spectra  were  plotted  on  suspensions  of  the  substances  synthesized  in  paraffin  oil  and  solutions 
of  1,2-dichloroethane  (see  table).  The  spectra  were  plotted  on  an  IKS -12. 

2-Benzhydryllndan-l,3-dione,  like  other  2-substituted  indan-l,3-diones,  is  characterized  by  two  valence 
vibrations  of  the  carbonyl  groups  at  1702  and  1736  cm"^  [21].  2-Benzhydrylindan-l,3-dione  apparently  exists  in  the 
dlketo  form  in  the  solid  state.  The  2-nitro  and  2-bromo  derivatives  give  somewhat  high  frequencies  for  the  vibra¬ 
tions  of  the  carbonyl  groups  at  1718  and  1754  cm"^,  and  1713  and  1742  cm"^,  respectively,  as  is  normally  observed 
with  a -bromo  and  a-nitro  ketones  [22,  25,  26]. 

The  2-dlphenylmethylenelndan-l,3-dlone  (VI),  which  was  obtained  for  the  first  time,  was  also  characterized 
by  two  absorption  maxima  of  the  carbonyl  groups  at  1683  and  1719  cm“^.  The  reduction  in  the  vibration  frequencies 
of  the  carbonyl  groups  indicates  the  presence  of  a  conjugated  system  in  the  molecule  [23].  The  conjugated  double 
bond  C  =C  absorbs  at  1631  cm“^.  This  frequency  did  not  change  in  dichloroethane  solution.  2-Benzallndan-l,3- 
dione,  which  is  structurally  similar,  absorbs  analogously.  It  should  be  noted  that  high  values  are  given  in  the  liter¬ 
ature  [24]  for  the  frequencies  of  the  carbonyl  groups. 
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Most  Characteristic  Frequencies  of  Compounds  Studied 


wm 

y  cm"^  (absorption  Intensity  in  f») 

Compound 

H 

c=o 

■■■ 

aromatic 

NO, 

r=Nor 

9 

ring 

(asymm.) 

r==o 

2-Benzhydrylindan- 

1,3-dione 

A 

1702(98), 

1736(70) 

— 

1589(52) 

— 

— 

2-Nitro-2-benzhydryl- 

indan-l,3-dione 

2-Bromo-2-benzhydryl- 

A 

1718(98), 

1754(87) 

1590(81) 

1545(100) 

indan-l,3-dione 

2-Dlphenylmethylene-  ( 

A 

1713(100), 

1742(95) 

— 

■  1592(100) 

1  - 

— 

A 

1683(95), 

1631 (60) 

1570(81), 

— 

_ 

indan -1,3-dione  1 

1719(59> 

1.596(71) 

1 

B 

1686(95), 

1631  (37) 

1570(79), 

— 

_ 

2-Benzalindan-  1 

A 

1720(42) 

1684,1724 

1618 

1600(59) 

1592 

1,3-dione  { 

Diethylamlne  salt  of 

A** 

16%,  1737 

1620 

1575, 1600 

— 

— 

2-benzhydrylindan- 

1,3-dione 

A 

1514(87) 

1614(85) 

_ 

_ 

Piperidine  salt  of 

2  -benzhydry  lindan  - 
1,3-dione 

A*** 

8)1699(56), 

1535(95) 

1604 (80) 

17.32(42) 

Ethylimine  of  2-benz- 

b) - 

1535(95) 

1604(79) 

— 

— 

hydryllndan-l,3-dione 

A 

1519(92) 

16 15  (.58) 

— 

1636(56) 

•  A  ""  suspension  In  paraffin  oilj  B  ~  solution  in  1,2 -dichloroe thane. 

•  •Literature  data  [24]. 

•  •  ‘a)  After  one  recrystalllzatlon ;  b)  carefully  purified  product. 

The  diethylamlne  salt  of  the  enol  form  of  2-benzhydryllndan-l,3-dione  Is  characterized  by  an  intense,  broad 
absorption  maximum  at  1514  cm”^,  which  is  probably  connected  with  the  absorption  of  the  equalized  system  of  double 
bonds  C  =0  and  C  =  C  of  the  enolate  anion  (V). 

This  maximum  appears  at  1535  cm'^  with  the  piperidine  salt.  If  this  salt  was  not  purified  adequately  (after 
one  recrystalllzatlon).  the  spectrum  showed  absorption  maxima  of  average  intensity  at  1699  and  1732  cm”',  which 
Indicated  the  presence  of  the  2-piperidlno  derivative  (IV).  These  absorption  maxima  disappeared  with  recrystalli¬ 
zation. 

The  product  from  the  reaction  of  2-bromo”2-benzhydtyllndan-l,3-dione  with  ethylamine  was  characterized 
by  absorption  in  the  double  bond  region  at  1636,  1615,  and  1519  cm”^.  While 'the  frequency  of  1519  cm“^  could  be 
assigned  to  the  absorption  of  the  strongly  equalized  C  =C  bond  in  the  five-membered  ring  (DC)  or(X)  and  the 
frequency  of  1615  cm"^  to  the  absorption  of  the  aromatic  ring,  the  nature  of  the  absorption  band  at  1636  cm"^  has 
not  been  determined.  This  absorption  maximum  may  be  assigned  to  absorption  of  the  C=0  in  the  enamino  ketone 
(IX)  or  to  the  absorption  of  the  C^N  bond  in  the  imino  enol  (X)  with  equal  probability  [27].  No  absorption  of  OH  or 
NH  groups  was  observed.  The  compound  is  apparently  strongly  associated  in  the  solid  state.  The  structure  of  the 
product  studied  cannot  be  determined  unequivocally  from  the  spectroscopic  data  we  obtained. 

EXPERIMENTAL 

2-Benzhydrylindan-l,3-dione  (II).  A  mixture  of  12.5  g  of  2-nltro-2-benzhydryllndan-l,3-dlone,  250  ml  of 
alcohol,  and  25  g  of  sodium  hydrosulfite  was  boiled  for  5  hr.  The  solution  gradually  became  orange.  The  unreacted 
hydrosulfite  was  removed  by  filtration,  about  250  ml  of  alcohol  distilled  from  the  filtrate,  and  the  residue  diluted 
with  hydrochloric  acid  (1:1).  An  oily  substance  precipitated  and  this  gradually  solidified.  Recrystallization  from 
alcohol  yielded  8.1 -8.5  g  (74-78*70)  of  2-benzhydrylindan-l,3-dione.  The  colorless  crystals  had  m.p.  127-129*.  The 
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melting  point  of  a  mixture  with  2-benzhydrylindan-l,3-dlone  obtained  by  reduction  of  2-nitro-2-benzhydrylindan- 
1,3-dione  with  tin  and  hydrochloric  acid  [14]  was  not  depressed. 

2-Bromo-2-benzhydrylindan-l,3-dione  (III).  A  solution  of  2.1  ml  of  bromine  in  10  ml  of  glacial  acetic  acid 
was  added  dropwise  to  a  warm  60*)  solution  of  12  g  of  2-benzhydrylindan'l,3-dione  in  100  ml  of  glacial  acetic 
acid.  Hydrogen  bromide  was  evolved  vigorously  .and  the  bromination  product  began  to  crystallize  from  the  still- 
warm  solution.  The  next  day  the  precipitate  was  collected  and  recrystallized  from  glacial  acetic  acid.  The  yield 
was  13  g(87^).  The  colorless  crystals  had  m.p.  147-148*. 

Found  Br  20.18.  CuHijOjBr.  Calculated  %:  Br  20.42. 

Reaction  of  2-bromo-2-benzhydrylindan-l,3-dione  with  amines.  1)  W ith  piperidine.  A  solution  of  1.2  ml  of 
piperidine  in  5  ml  of  absolute  ether  was  added  dropwise  to  a  solution  of  2  g  of  2-bromo-2-benzhydrylindan-l,3-dione 
in  20  ml  of  a  mixture  of  absolute  ether  and  anhydrous  dioxane  (1:  1).  The  solution  became  orange-yellow  and  a 
colorless  crystalline  precipitate  of  piperidine  hydrobromide  appeared.  The  solution  was  left  at  room  temperature  for 
2  days;  the  solution  gradually  became  red-orange  and  orange  crystals  separated.  The  reaction  mixture  was  boiled 
for  half  an  hour,  cooled,  filtered,  and  the  precipitate  washed  first  with  ether  and  then  with  water  (for  the  removal  of 
piperidine  hydrobromide).  The  orange  precipitate  remaining  on  the  filter  was  recrystallized  from  ethanol  with  ether 
added.  We  obtained  0.7  g(34.2%)  of  the  piperidine  salt  of  2-benzhydrylindan-l,3-dione  (V).  The  yellow-orange 
crystals  had  m.p.  202*.  They  were  readily  soluble  in  water,  alcohol,  and  dioxane  and  insoluble  in  ether.  Acidification 
of  the  aqueous  solutions  yielded  2-benzhydrylindan-l,3-dione. 

Found  N  3.42.  C27H27O2N.  Calculated  N  3.53. 

The  ether-dioxane  filtrate  was  evaporated  in  vacuum.  The  oily  residue  was  washed  with  water,  dissolved  in 
ether,  dried  with  sodium  sulfate,  and  evaporated  in  vacuum.  The  yellow,  resinous  residue  was  washed  with  BO^o 
methanol.  We  obtained  0.5  g  (Ol.O^o)  of  2-diphcnylmethyleneindan-l,3-dione  (VI)  with  m.p.  ~163*.  Recrystalli¬ 
zation  from  ethanol  gave  0.4  g  (25.370)  of  yellow  crystals  with  m.p.  165-16T.  The  substance  was  readily  soluble  in 
ether,  benzene,  1,2-dicliloroethanc,  and  dioxane  and  sparingly  soluble  in  methanol  and  ethanol. 

Found  7o:  C  85.33 ;  H  4.64.  C22HUO2.  Calculated  7o:  C  85.14;  H  4.55. 

2)  With  diethylamine.  a)  To  a  solution  of  1.3  g  of  2-bromo-2-benzhydrylindan-l,3-dione  in  20  ml  of  a 
mixture  of  anhydrous  dioxane  and  absolute  ether  was  added  0.75  ml  of  diethylamine  in  10  ml  of  absolute  ether; 
the  rest  of  the  procedure  was  as  in  the  reaction  with  piperidine.  We  obtained  0.35  g  of  the  diethylamine  salt  of 
2-benzhydrylindan-l,3-dione.  The  red-orange  crystals  had  m.p.  181-183’  (decomp.,  from  alcohol  with  ether  added). 
Evaporation  of  the  ether-dioxane  filtrate  in  vacuum  gave  a  dark  residue,  recrystallization  of  which  from  alcohol 
gave  0.8  g  of  the  starting  2-bromo-2-benzhydrylindan-l,3-dione  with  m.p.  146-148*. 

b)  To  a  solution  of  2  g  of  2-bromo-2-benzhydrylindan-l,3-dione  in  20  ml  of  a  mixture  of  anhydrous  dioxane 
and  absolute  ether  was  added  a  solution  of  2  ml  of  diethylamine  in  10  ml  of  absolute  ether.  On  the  next  day  the 
reaction  mixture  was  boiled  for  3  hr.  The  precipitate  was  collected  from  the  cooled  mixture  and  washed  with  water. 
There  remained  1  g  of  the  diethylamine  salt  of  2-benzhydrylindan-l,3-dione.  The  red-orange  crystals  had  m.p.  181- 
183*  (decomp.).  They  were  readily  soluble  in  water,  alcohol,  and  dioxane  and  insoluble  in  ether.  Acidification  of 
aqueous  solutions  liberated  2-benzhydrylindan-l,3-dione. 

Found  7o:  N  3.43.  C26H2702N.  Calculated  7o:  N  3.63. 

It  was  impossible  to  isolate  individual  substances  from  the  ether-dioxane  solutions. 

3)  W ith  ethylamine.  To  a  solution  of  2  g  of  2-bromo-2-benzhydrylindan-l,3-dione  in  20  ml  of  a  mixture 
of  anhydrous  dioxane  and  absolute  ether  (1:  1)  was  added  a  solution  of  1.5  ml  of  ethylamine  in  10  ml  of  absolute 
ether.  The  solution  became  red  and  deposited  a  red  oil,  which  did  not  solidify  on  standing.  After  2  days,  the 
mixture  was  evaporated  in  vacuum,  the  dark  oily  residue  washed  with  water  and  then  ether,  and  the  residual  red- 
orange  substance  (0.85  g)  recrystallized  from  alcohol  with  ether  added.  We  obtained  0.6  g  of  orange  crystals  of  the 
ethylimine  of  2-benzhydrylindan-l,3-dione  (IX)  or  (X)  with  m.p.  164*.  The  substance  was  sparingly  soluble  in  water, 
dioxane,  and  alcohol  and  insoluble  in  ether  and  dichloroethane.  Dilute  hydrochloric  acid  did  not  have  an  Immediate 
effect  on  the  ethylimine  of  2-benzhydrylindan-l,3-dione,  but  gradually  cleaved  it  to  2-benzhydrylindan-l,3-dione. 

Found  N  4.46  ,  4.30.  C,4H2iON.  Calculated  7o:  N  4.13. 
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4)  With  ammonia.  Dry  ammonia  was  passed  for  2  hr  into  a  solution  of  2  g  of  2-bromo-2-benzhydrylindan-l,3- 
dione  in  10  ml  of  anhydrous  dioxane  and  then  the  reaction  mixture  treated  as  in  the  reaction  with  ethylamine. 
Crystallization  began  when  the  solution  was  evaporated.  The  crystals  were  collected  and  washed  with  ether.  The 
residue  was  found  to  be  ammonium  bromide  (0.2  g).  The  ether  solution  was  evaporated  in  vacuum  and  the  residue 
washed  with  water  and  recrystallized  from  alcohol.  We  obtained  0.8  g  of  the  starting  2-bromo-2-benzhydryllndan- 
1,3-dione  with  m.p.  146-148*.  Acidification  of  the  wash  waters  yielded  a  small  amount  of  2-benzhydrylindan-l,3- 
dione  with  m.p.  127*. 

Reaction  of  2-diphenylmethyleneindan-l,3-dione  with  bromine,  a)  To  a  solution  of  0.1  g  of  2 -diphenyl - 
methyleneindan-l,3-dione  in  2  ml  of  benzene  was  added  a  solution  of  0.03  ml  of  bromine  in  2  ml  of  benzene  and 
the  mixture  allowed  to  evaporate  slowly.  We  recovered  0.08  g  of  the  starting  substance  with  m.p.  165-167*. 

b)  A  mixture  of  0.1  g  of  diphenylmethyleneindandione,  3  ml  of  glacial  acetic  acid,  and  0.2  ml  of  bromine  was 
boiled  for  half  an  hour,  the  excess  bromine  removed  in  vacuum,  and  the  residue  gradually  diluted  with  water.  Color¬ 
less  crystals  of  2,2-dibromoindan-l,3-dione  (VII)  with  m.p.  176*  (from  glacial  acetic  acid)  precipitated;  a  mixed 
melting  point  with  authentic  2,2-dibromoindan-l,3-dione  (m.p.  178*)  was  not  depressed. 

SUMMARY 

Reduction  of  2-nitro-2-benzhydrylindan-l,3-dione  witfi  sodium  hydrosulfite  gave  a  good  yield  of  2-benzhy- 
drylindan-l,3-dione,and  bromination  of  the  latter  gave  2-bromo-2-benzhydrylindan-l,3-dione. 

The  reaction  of  2-bromo-2-benzhydtylindan-l,3-dione  with  amines  did  not  yield  2-amino  derivatives.  The 
reaction  with  piperidine  and  diethylamine  formed  mainly  the  corresponding  salts  of  the  enol  form  of  2-benzhydryl- 
indan-l,3-dione  and  small  amounts  of  2-diphenylmethyleneindan-l,3-dione,  while  the  ethylimine  of  2-benzhydryl- 
indan-l,3-dione  was  not  formed  with  ethylamine.  The  reaction  with  ammonia  was  slow, and  the  only  product  was 
the  ammonium  salt  of  the  enol  form  of  2-benzhydrylindan-l,3-dione. 

The  low  reactivity  of  the  bromine  in  2-bromo-2-benzhydrylindan-l,3-dione  may  be  explained  by  steric  hindrance 
created  by  the  benzhydryl  group. 

2-Diphenylmethyleneindan-l,3-dione  was  cleaved  at  the  ethylenic  bond  by  bromine  in  acetic  acid  to  form 
2,2-dibromoindan-l,3-dione. 
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Comenic  acid  (5-hydroxy-y  -pyrone-2-carboxyllc  acid)  and  3-hydroxy-y  -pyrone  (pyromeconlc  acid)  are 
obtained  by  decarboxylation  of  meconic  acid.  Syntheses  have  been  described  for  them,  but  they  are  of  no  preparative 
value. 

A  number  of  authors  have  described  methods  of  isolating  meconic  acid  in  the  preparation  of  opium  alkaloids  [1-3]. 
Their  drawbacks  were  reduced  to  a  minimum  in  the  method  of  one  of  us  [4],  but  the  isolation  was  quite  laborious 
even  in  this  case. 

Comenic  acid  is  obtained  by  decarboxylation  of  meconic  acid  either  by  dry  distillation  [5,  6]  or  by  the  action 
of  dilute  HCl  [3]  (its  formation  by  boiling  meconic  acid  with  water  has  been  reported  [5]).  Comenic  acid  was  later 
obtained  by  a  number  of  authors  [7-10]  with  modified  purification  methods,  namely  recrystallization  of  the  sodium, 
potassium  [6],  or  ammonium  salts  [2].  Later  authors  [11-16]  have  not  introduced  any  substantial  modifications. 

In  the  preparation  of  3-hydroxy-y  -prone  from  meconic  acid,  most  authors  reported  dry  distillation  temperatures 
of  227-228*  [12],  260-315*  [17],  up  to  300*  [8],  and  up  to  300*in  a  stream  of  COj  [18].  The  use  of  a  mixture  with 
copper  powder  gave  a  yield  of  up  to  [19]  and  dry  distillation  of  meconic  acid  with  copper  bronze  in  vacuum 
yielded  a  mixture  of  comenic  acid  and  3-hydroxy-y  -pyrone  directly  from  meconates,  i.e.,  the  by-product  in  the 
preparation  of  opium  alkaloids.  This  eliminated  the  difficulties  of  isolating  meconic  acid  itself. 

In  the  present  work  we  present  the  most  up-to-date  methods  of  preparing  comenic  acid  and  3-hydroxy-y  - 
pyrone  directly  from  meconates,  i.e.,  the  by-product  in  the  preparation  of  opium  alkaloids.  This  eliminated  the 
difficulties  of  isolating  comenic  acid  itself. 

Comenic  acid  was  previously  obtained  by  this  method  [20]  in  the  form  of  snow-white  crystals,  which  could  be 
decarboxylated  at  220-230*.  It  was  then  found  that  it  largely  sublimed.and  this  was  carried  out  at  210-215*  to  obtain 
acid  of  higher  purity.  When  impurities  were  present  it  did  not  sublime  at  all  (technical  comenic  acid)  or  only 
partly.  We  characterized  comenic  acid  of  higher  purity  (h.p.)  by  this  property  of  the  acid  in  combination  with 
analysis  and  titration  data  as  its  decomposition  point  was  not  characteristic. 

We  utilized  the  high  solubility  of  comenic  acid  in  concentrated  sulfuric  acid,  especially  on  heating,  to  free  it 
from  impurities, and  this  was  more  effective  than  recrystallization  of  its  salts.  In  addition,  we  found  a  simple  and 
effective  method  of  preparing  it  directly  from  meconates,  which  consisted  in  boiling  meconates  with  dilute  HCl  and 
then  evaporating  the  solution,  when  the  meconic  acid  was  decarboxylated.  The  reaction  product  obtained  was  puri¬ 
fied  by  recrystallization  from  very  dilute  HCl. 

For  the  preparation  of  3-hydroxy-y  -pyrone  directly  from  meconates,  the  latter  were  treated  as  above,and  the 
comenic  acid  was  converted  to  the  salt  without  purification  and  dry  distilled. 

EXPERIMENTAL 

Sublimation  temperature  of  comenic  acid.  Ground  crystals  were  deposited  on  a  thermometer  at  the  mercury 
bulb  (on  the  side  of  the  scale).  The  thermometer  was  placed  in  a  tube,  which  was  heated  at  8*  per  minute.  At  210- 
215*,  the  crystals  disappeared  completely  after  10-15  min  and  part  of  the  sublimate  collected  on  the  wall  of  the 
tube  as  lustrous  white  crystals.  A  slight  dark  or  colored  tarry  residue  with  partial  sublimation  indicated  the  presence 
of  impurities.  The  sublimate  collected  from  several  portions  of  crystals  was  also  sublimed  at  210-215*. 
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Found  %.  C  46.05;  H  2.50.  CgH^j.  Calculated  *70;  c  46.15;  H  2.56. 

Comenic  acid  (h.p.)  was  prepared  from  meconates  of  higher  (a)  and  lower  (b)  quality,  a)  To  14  ml  of  HCl 
(d  1.19)  and  7  ml  of  water  was  added  10  g  of  dry  meconates  in  portions  with  stirring  at  10*.  After  half  an  hour,  the 
precipitate  was  collected  and  washed  with  chloroform  and  iced  water.  The  precipitate  was  transferred  from  the  filter 
to  15  ml  of  dilute  HCl  (1:  1)  at  85*.  Decarboxylation  was  complete  in  1  hr.  The  next  day,  the  precipitate  was  col¬ 
lected,  washed  with  iced  water  and  alcohol,  and  dissolved  in  200  ml  of  boiling  water  and  12  ml  of  HCl  (1:  1);  the 
solution  was  filtered  with  charcoal.  On  the  next  day  the  precipitate  was  collected  and  washed  with  iced  water.  The 
weight  was  3.0  g.  The  sublimation  temperature  was  210-215* ;  equiv.  156.9,  157.2,  M  156. 

Found  %:  C  46.60;  H  2.50.  CgH^s.  Calculated  C  46.15;  H  2.56. 

b)  A  20-g  sample  of  dry  meconates  was  boiled  for  20  min  with  80  ml  of  water  and  40  ml  of  HCl  (1: 1)  (2  moles 
per  mole  of  meconates,  considering  them  as  100%).  After  hot  filuation  of  the  mixture,  the  slight  residue  was  washed 
with  10  ml  of  hot  water  and  the  filtrate  boiled  for  20  min,  filtered  with  charcoal,  boiled  again  for  a  further  20  min, 
and  filtered  with  charcoal.  The  filtrate  was  evaporated  in  a  dish  on  a  boiling  water  bath  to  40  ml  in  about  1  hr.  The 
dark  brown  mass  was  poured  into  20  ml  of  water  and  the  solution  saturated  with  salt.  On  the  following  day,  the  pre¬ 
cipitate  was  collected,  washed  with  iced  water,  and  dissolved  in  150  ml  of  boiling  water  with  9  ml  of  HCl  (1: 1). 

After  the  solution  had  been  filtered  hot  with  charcoal  twice,  the  piecipitate  which  formed  was  collected  next  day  and 
washed  with  iced  water.  The  weight  was  1.75  g  (9%  on  the  starting  meconates).  The  sublimation  temperature  was 
210-215*;  equiv.  161.4,  M  156. 

Found  %:  C  45.70;  H  2.41.  C6H4O5.  Calculated  %:  C  46.15;  H  2.56. 

Treatment  of  these  meconates  according  to  a  necessitated  precipitation  of  the  neutral  sodium  salt  of  comenic 
acid  with  alcohol,  acidification  with  HCl,  heating  a  solution  of  the  liberated  comenic  acid  with  H2SO4  (d  1.83)  at 
100*  for  1,5  hr,  and  recrystallization  of  its  acid  sodium  salt. 

3-HYdroxy-y  -pyrone  from  comenic  acid  (h.p.).  A  mixture  of  10  g  of  dry  comenic  acid  and  10  g  of  copper 
powder  was  heated  in  a  stream  of  COj  in  a  flask  with  a  wide  inlet  tube  sealed  on  down  low  and  connected  to  a  cooling 
jacket  on  a  sand  bath  at  260-280*  (240-250*  inside  the  reaction  mixture).  The  sublimate  and  part  of  the  .liquid  was 
recrystallized  from  chloroform.  The  weight  of  the  crystals  was  3.0  g.  The  m.p.  was  117".  The  crystals  gave  a  red 
color  with  aqueous  and  alcohol  solutions  of  FeClg. 

Found  %:  C  53.67;  H  3.72.  C5H4OJ.  Calculated  %:  C  53.57;  H  3.57. 

3-Hydroxy-y  -pyrone  from  meconates.  a)  A  mixture  of  20  g  of  dry  meconates  and  30  ml  of  HJSO4  (d  1.83)  was 
heated  on  a  boiling  water  bath  for'  1.5  hr  and  then  poured  onto  ice.  The  next  day  the  precipitate  was  collected  and 
washed  with  iced  water.  The  precipitate  was  mixed  with  14  g  of  copper  powder  and  decarboxylated  under  the 
conditions  of  the  previous  experiment  to  yield  0.2  g  (1.0%)  of  crystals.  The  m.p.  was  117"  (from  CHCls).  A  mixed 
melting  point  with  the  crystals  obtained  in  the  previous  experiment  was  not  depressed. 

b)  A  40-g  sample  of  mecanates  was  dissolved  in  160  ml  of  water  and  80  ml  of  FK31  (1:  1)  as  described  in  the 
preparation  of  comenic  acid  by  method  b.  The  dry  reaction  product  after  decarboxylation  was  pyrolyzed.  The 
weight  of  the  crystals  was  1.8  g.  The  m.p.  was  117"  (from  CHCI3).  A  mixed  melting  point  with  the  crystals  obtained 
from  comenic  acid  was  not  depressed. 


SUMMARY 

1.  A  method  which  has  not  been  described  in  the  literature  is  proposed  for  the  preparation  of  5-hydroxy-y  - 
pyrone-2-carboxylic  acid  (comenic  acid)  directly  from  meconates. 

2.  A  sublimation  temperature  of  210-215"  is  suggested  as  a  characteristic  of  comenic  acid  of  higher  purity. 

3.  A  method  that  has  not  been  described  in  the  literature  is  proposed  for  the  preparation  of  3-hydroxy-y  - 
pyrone  directly  from  meconates. 
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In  the  last  three  years  a  series  of  papers  has  appeared  on  a  new  type  of  peroxide  compound,  namely  hetero- 
organic  peroxides.  Up  to  now,  compounds  of  the  type 

El-O-O-C  (I)  and  El-O-O-El  (II), 

where  for  (I)  El  is  Cd  [1],  B  [2],  Si  [3],  Ge  [4],  Sn  [5],  Pb  [6],  and  P  [7]  and  for  (II)  El  is  B,  Si,  and  Ge,  have  been  pre¬ 
pared.  The  synthesis  of  heteroorganic  peroxide  compounds  and  the  investigation  of  their  reactions  are  of  definite 
theoretical  and  practical  interest.  It  has  been  reported  [1,3]  that  some  silicon  and  boron  peroxides  produce  the  poly¬ 
merization  of  vinyl  compounds. 

The  large  number  of  reactions  of  silicon  peroxides  with  different  reagents  described  in  the  literature  [8]  includes 
the  reaction  of  silicon  peroxides  with  tertiary  alcohols  in  the  presence  of  acids.  It  seemed  interesting  to  us  to  extend 
this  reaction  to  some  new  subjects  to  study  the  p>ossibilities  of  synthesizing  unsymmetrical  organic  peroxides  of  the  type 
POOR*  .  For  this  purpose  we  studied  the  reaction  of  triphenvlcarbinol  with  tetra(tert-butylperoxy)silane,  trimethyl(a- 
cumylperoxy)silane,  and  trimethyl(diphenylmethylperoxy)silane  and  also  the  reactions  of  dimethylphenylcarblnol, 
trimethylcarbinol,  and  1 -methylcyclohexanol  with  tetra(tert-butylperoxy)silane.  The  reaction  was  effected  by  treat¬ 
ing  an  acetic  acid  solution  of  the  tertiary  alcohol  (in  the  presence  of  small  amounts  of  HjSO^)  with  an  ether  solution 
of  the  silicon  peroxide.  The  reaction  of  triphenylcarbinol  with  a  solution  peroxide  yielded  the  corresponding 
unsymmetrical  peroxide  of  the  type  ROOR',  namely,  tert -butyl  uiphenylmethyl  peroxide,  a-cumyl  triphenylmethyl 
peroxide,  and  diphenylmethyl  triphenylmethyl  peroxide.  Tliey  were  also  solids  and  could  be  isolated  readily.  The 
liquid  peroxide  tert-butyl  1 -methylcyclohexyl  peroxide  was  obtained  by  the  reaction  of  tetra(tert-butylperoxy)silane 
with  1 -methylcyclohexanol. 

The  reactions  of  tetra(tert-butylperoxy)silane  with  trimethylcarbinol  and  dimethylphenylcarblnol  proceeded 
analogously.  However,  the  peroxides  ROOR’  were  not  isolated  in  a  pure  form  in  this  case. 

The  reaction  of  silicon  peroxides  with  tertiary  alcohols  in  the  presence  of  acids  is  heterolytlc  and  may  be 
represented  by  the  following  equations: 

for  tetra(tert-butylperoxy)silane 

4ROII  +  Si(OOC(CH3)3l4  - 4(CH3)3C00R  +  Si(OM)4 

for  other  trimethyl(aralkylperoxy)silanes 

ROH  1- (CHs)3SiOOR'  ROOR*  +  (CH3)3SiOH 

(Trimethylsilanol  and  its  dehydration  product,  hexamethyldisiloxane,  were  found  among  the  reaction  products.) 

It  should  be  noted  that  for  the  synthesis  of  the  peroxides  ROOR*  it  was  necessary  to  use  pure  silicon  peroxides, 
though  ether  solutions  of  silicon  peroxides  could  be  used  for  this  purpose  (after  removal  of  pyridine  hydrochloride). 

The  reaction  was  simplified  in  this  way  and  may  be  of  preparative  interest  for  the  synthesis  of  (CH8)jCOOR  from  the 
readily  accessible  peroxide  tetra(tert-butylperoxy)silane. 
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EXPERIMENTAL 


The  silicon  peroxides  were  synthesized  by  the  method  reported  in  the  literature  [8]. 

Reaction  of  tetra(tert-butylperoxy)silane  with  uiphenylcarbinol.  To  a  solution  of  1.0  g  of  triphenylcarbinol 
in  40  ml  of  acetic  acid  and  0.1  ml  of  sulfuric  acid  was  added  0.4  g  of  tetra(tert-butylperoxy)silane  in  50  ml  of  ether. 

The  next  day  the  reaction  products  were  poured  into  water,  the  silicic  acid  precipitate  removed  by  filtration,  the 
filtrate  neutralized  with  sodium  bicarbonate,  and  the  ether  layer  washed  with  40*^X011  solution  and  dried.  After 
removal  of  the  ether  in  vacuum,  the  white  precipitate  was  recrystallized  from  alcohol.  The  yield  was  1.0 
The  m.p.  was  70-71.5*.  A  mixture  with  authentic  tert-butyl  triphenylmethyl  peroxide  melted  at  70-71*  [9]. 

Found  “yo;  C  83.46;  H  7.55.  Calculated  C  83.13;  H  7.23. 

Reaction  of  ttimethyl(a-cumylperoxy)silane  with  triphenylcarbinol.  To  2.6  g  of  triphenylcarbinol  in  150  ml  of 
acetic  acid  were  added  0.1  ml  of  concentrated  sulfuric  acid  and  2.3  g  of  trimethyKa-cumylperoxy)silane.  The  next 
day  the  reaction  products  were  treated  as  described  in  the  previous  experiment.  We  obtained  3.2  g(81*!^)  of  the  peroxide 
as  colorless  crystals,  which  were  insoluble  in  the  usual  organic  solvents.  After  being  washed  with  hot  alcohol  and 
dried  in  a  vacuum  desiccator,  the  crystals  had  m.p.  167-169*  [9]. 

Found  ^o;  C  85.47;  H  6.71.  CwHieOj.  Calculated ‘7o:  C  85.28;  H  6.55. 

Reaction  of  trimethyl(diphenylmethylperoxy)silane  with  triphenylcarbinol.  To  2.6  g  of  triphenylcarbinol  in 
150  ml  of  acetic  acid  were  added  0.1  ml  of  sulfuric  acid  and  2.72  g  of  trimethyKdiphenylmethylperoxy)silane  in 
150  ml  of  ether.  The  next  day  the  reaction  products  were  neutralized  with  sodium  bicarbonate.  From  the  ether  layer, 
after  two  distillations,  0.4  g  of  a  substance  with  b.p.  97-100*  and  3.2  g  (72%)  of  a  white  residue  were  isolated.  The 
liquid  substance  contained  silicon  (benzidine  test). 

Found  %;  OH  6.52.  CjHioOSi.  Calculated  %:  OH  18.88. 

Treatment  of  the  liquid  with  12  N  sodium  hydroxide  yielded  sodium  trimethylsilanolate  with  m.p.  147-150r. 

The  crystalline  residue  melted  at  88-89*  (from  ligroin).  A  mixed  melting  point  with  authentic  diphenylmethyl 
triphenylmethyl  peroxide  [10]  was  not  depressed. 

Reaction  of  tetra(tert-butylperoxy)silane  with  1-methylcyclohexanol.  To  6.84  g  of  1-methylcyclohexanol  in 
10  ml  of  acetic  acid  were  added  0.1  ml  of  concentrated  sulfuric  acid  and  8.7  g  of  freshly  prepared  tetra(  tert-butyl - 
peroxy)silane  in  100  ml  of  absolute  ether.  After  18  hr,  the  ether  solution  was  neutralized  with  sodium  bicarbonate, 
washed  twice  with  40%  potassium  hydroxide  solution, then  water,  and  dried  with  MgS04,  After  removal  of  the  ether 
from  the  residue,  4.8  g  (43%)  of  a  fraction  was  isolated. 

B.p.  20-30*  (2-2.5  mm),  n*®D  1.4372,  d*®2o  0.892;  percent  peroxide  oxygen  8.51.  CuHjjOi.  Calculated  percent 
peroxide  oxygen  8.60. 

tert-Butyl  1-methylcyclohexyl  peroxide  [11]  has  b.p.  28-29*  (2  mm);  d*®20  0.881,  n*®D  1.4350. 

SUMMARY 

1.  The  reaction  of  tetra(tert-butylperoxy)silane,  trimethyX  a-cumylperoxy)silane,  and  trimethylfdiphenylmethyl- 
peroxy)silane  with  triphenylcarbinol  formed  peroxides  of  the  type  (QF^l^COOR. 

2.  Tetra(tert-butylperoxy)silane  reacts  with  1-methylcyclohexanol  to  form  tert-butyl  1-methylcyclohexyl 
peroxide. 
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In  previous  articles  [1,  2]  we  have  utilized  the  labile  hydrogen  in  the  4  position  of  the  pyrazole  ring  to 
accomplish  the  thermal  benzoylation  and  benzylation  of  the  ring.  In  this  investigation  we  have  made  an  attempt  at 
thermal  phosphorylation  of  pyrazoles  with  the  aid  of  phosphorus  oxychloride. 

Investigating  the  conversion  of  pyrazoles  to  chloropyrazoles,  Michaelis  [3]  discovered  that  when  phosphorus 
oxychloride  acts  on  l-phenyl-3-methylpyrazolone-5,  1 -phenyl -3 -methyl -5 -chloropyrazolyl-4-phosphonic  acid  is 
formed  in  siight  amounts.  The  same  compound  is  obtained  when  1 -phenyl -3 -methyl -5 -chloropyrazole  is  heated  with 
phosphorus  oxychloride.  The  author,  however,  reported  neither  the  yields  nor  the  detailed  method. 


Our  attempts  to  repeat  these  experiments  were  unsuccessful.  When  we  carried  out  a  reaction  between  1 -phenyl ■ 
3-methylpyrazolone  and  phosphorus  oxychloride  at  temperatures  up  to  200*,  we  obtained  only  the  chloropyrazole  (I). 


CH, 


CH, 
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\n/ 
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CeHs 


HO 


rr  ’  „  n 

-\n/ 


-CH, 


OeHg 


(I) 


At  higher  temperatures  tarring  of  the  main  bulk  of  the  product  set  in. 


1 -Phenyl-3 -methyl-5 -chloropyrazole  (I),  which  has  a  lowered  activity  in  electrophilic  substitution  reactions  as 
a  result  of  the  decrease  in  electron  density  in  position  4  of  the  ring,  also  did  not  enter  into  reaction  with  phosphorus 
oxychloride  even  at  230-240*.  Other  1 -alkyl  and  1-aryl  pyrazoles,  however,  with  the  usual  activity  in  the  4  position 
of  the  ring,  reacted  with  phosphorus  oxychloride  when  the  reaction  was  carried  out  in  seaied  tubes  (180-190*,  15-25 
hours),  forming,  but  not  in  high  yields  (15-40^),  the  acid  chlorides  of  the  pyrazolylphosphonic  acids  (II). 


I 

R 


.Cl 

0=P< 

I  \C1 


+  POCI3 


N 
\n/ 
I 

R 

(II) 


.OR' 

0=P< 

I  \OR' 


2R'OH 


N 

\n/ 


We  did  not  isolate  the  acid  chlorides  (11),  but  treated  them  immediately  with  alcohols  and  converted  them  to 
esters,  which  we  identified. 

The  acid  hydrolysis  of  the  esters  led  to  the  sirupy  pyrazolylphosphonic  acids,  which  are  difficult  to  identify. 

On  alkaline  hydrolysis,  we  observed  the  splitting  out  of  only  one  alcohol  residue  and  the  formation  of  an  acid  ester. 

In  the  case  of  the  slightly  active  1,3,5-triphenylpyrazole  under  very  severe  conditions  (25  hr,  230-24(r)  we  were 
able  to  isolate  only  benzoic  acid,  which  apparently  appeared  as  the  product  of  decomposition  of  the  pyrazole  ring. 
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EXPERIMENTAL 


Diethyl  ester  of  (l,3.5-trimethylpyrazolyl-4)-phosphonic  acid.  In  a  60-ml  ampoule  of  good  molybdenum  glass 
we  heated  a  mixture  of  5.5  g  of  1,3,5-trimethylpyrazole  and  15.4  g  of  phosphorus  oxychloride  at  185-195*  for  12  hours. 
The  reaction  mass  was  decomposed  with  25  ml  of  anhydrous  alcohol.  After  the  excess  alcohol  had  been  distilled  off 
in  vacuum  the  residue  was  carefully  decomposed,  with  cooling,  by  40  ml  of  concentrated  sodium  hydroxide  solution. 
The  reaction  mass  was  extracted  with  benzene  and  the  benzene  extract  was  distilled  in  vacuum.  Five  and  one  tenth 
grams  (40.6*^^>)  of  unpurified  ester  was  obtained  with  b.p.  165-200*  (35  mm).  For  purification,  the  compound  was 
distilled  twice  in  vacuum.  It  did  not  give  a  picrate. 

B.p.  173-176*  (13  mm),  n*®D  1.4790,  d*“4  1.1255. 

Found  C  48.41,  48.35;  H  8.17,  8.12;  N  11.78,  11.76;  P  11.92,  11.88.  CjoHigOjNjP.  Calculated  C  48.76; 
H  7.78;  N  11.41;  P  12.38. 

The  rest  of  the  esters  were  prepared  and  purified  in  a  similar  way. 

Dipropyl  ester  of  (l,3,5-trimethylpyrazolyl-4)-phosphonic  acid.  Y ield  31%. 


zolyl-4)-phosphonic  acid  was  dissolved  in  a  mixture  of  1  g  of  potassium  hydroxide  in  25  ml  of  propyl  alcohol  and 
refluxed  for  1.5  hours.  During  heating  a  precipitate  separated  out,  which  apparently  was  the  sodium  salt  of  the  acid. 
Then  the  propyl  alcohol  was  distilled  off  and  the  residue  was  treated  with  30  ml  of  5  N  hydrochloric  acid.  After  a 
day  the  oil  that  had  separated  out  crystallized.  After  crystallization  from  petroleum  ether,  1.8  g  of  the  monobutyl 
ester  was  obtained  with  m.p.  70-72*. 

Found  %:  C  56.82,  56.76;  H  6.38,  6.26;  P  11.16,  10.95.  C1JH17O3N2.  Calculated  %;  C  56.71;  H  6.12; 

P  11.05. 

Reaction  d  1.3.5-triphenylpyrazole  with  phosphorus  oxychloride.  A  mixture  of  14.8  g  of  1,3,5-triphenyl- 
pyrazole  and  9  ml  of  phosphorux  oxychloride  was  heated  in  an  autoclave  to  210-220"  for  25  hours.  The  reaction  mass 
was  treated  with  100  ml  of  anhydrous  methanol,  boiled  with  2  g  of  activated  carbon,  and  filtered.  The  filtrate  was 
mixed  with  100  ml  of  concentrated  hydrochloric  acid  and  heated  at  boiling  for  15  hours,  with  the  addition  of  more 
concentrated  hydrochloric  acid  as  the  volume  of  the  solution  decreased.  Then  the  solution  was  evaporated  to  80  ml 
and  cooled. 

One  and  six  tenths  grams  of  benzoic  acid  was  obtained  with  m.p.  120.5*. 

Attempt  to  synthesis  l-phenyl-3-methyl-5-chloto-4-phosphonic  acid.  The  reaction  between  l-phenyl-3- 
methyl-5-chloropyrazole  and  phosphorux  oxychloride  (190-200*)  did  not  go.  At  240-250*  and  25-hour  heating,  com- 
lete  tarring  set  in  and  the  starting  pyrazole  could  not  be  separated.  When  the  reaction  was  carried  out  between 
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l-phenyl-3-methylpyrazolone-5  and  phosphorus  oxychloride  at  210-220*  for  10  hours,  only  1 -phenyl -3 -methyl -5- 
chloropyrazole  was  isolated. 

SUMMARY 

It  has  been  shown  that  pyrazoles  with  a  free  4  position  in  the  ring  and  not  containing  electron -acceptor 
substituents  in  the  ring  form  the  acid  chlorides  of  pyrazolyl-4-phosphonic  acids  when  heated  with  phosphorus  oxy¬ 
chloride. 
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It  is  well  known  that  derivatives  of  bicyclo[2.2.1]heptane  and  compounds  close  to  them  in  structure  easily 
undergo  various  rearrangements  and  isomeriza^ons.  Thus,  there  are  very  numerous  reactions  which  are  accompanied 
by  rearrangement  of  bicyclo[2.2.1]heptene  to  nprtricyclene,  which  take  place  on  bromination  [1]  or  the  addition  of 
various  compounds  to  bicyclo(2.2.1]heptadiene  [2]  or  bicyclo[2.2.1]heptene  [3],  on  solvolysis  [4],  or  in  photo¬ 
chemical  reactions  [5].  Hydration  of  derivatives  of  bicyclo(2.2.1]heptene  usually  is  accompanied  by  Wagner -Meet  wein 
rearrangement  [6]  or  isomerization  of  the  endo  isomers  to  the  corresponding  exo  isomers  [7]. 

A  very  interesting  example  of  thermal  conversion  is  the  transition  of  the  endo  isomers  to  the  corresponding  exo 
isomers.  It  is  well  known  that  if  the  adduct  of  cyclopentadiene  with  maleic  anhydride,  which  has  an  endo  configura¬ 
tion,  is  heated  to  180-190*,  the  corresponding  adduct  having  the  exo  configuration  is  formed.  This  isomerization  takes 
place  apparently  not  by  way  of  the  decomposition  of  the  adduct  to  the  starting  components,  cyclopentadiene  and 
maleic  anhydride,  and  their  subsequent  reaction,  but  by  way  of  the  formation  of  a  nortricyclene  compound,  which  then 
undergoes  rupture  of  the  C— C  bond,  or  by  way  of  incomplete  dissociation  of  the  adduct  and  recombination  of  the 
reaction  complex  [8-10]. 

In  recent  years  the  thermal  isomerization  of  bicycloheptadiene  to  cycloheptatriene,  which  takes  place  at  ~40(f , 
has  been  discovered  and  studied  [11];  at  a  higher  temperature  the  isomerization  of  bicycloheptadiene  is  directed 
mainly  in  the  direction  of  the  formation  of  toluene.  Woods  [11]  suggested  that  the  isomerization  of  bicycloheptadiene 
proceeds  through  the  rupture  of  the  C~C  bond  in  the  endomethylene  bridge.  When  1,2,3,4,7,7-hexachlorobicyclo- 
[2.2.1]heptadiene-2,5,  is  heated  to  180*  it  is  isomer ized  to  hexachlorotoluene  [12]. 

A  study  of  the  thermal  stability  of  2-vinylbicyclo[2.2.1]heptene-5  [13]  and  2-isopropenylbicyclo[2.2.1]heptene-5 
[14]  prepared  by  us  has  shown  that  they  have  the  specific  property  of  easily  isomerizing  on  heating  to  4,9,7,8-tetra- 
hydroindene  [15]  or  5-methyl-4,9,7,8-tetrahydroindene,  respectively. 

CR^CHj 

R 

R  =  H.CHj. 

The  isomerization  of  2-vinylbicyclo[2.2.1]heptene-5  to  tetrahydroindene  starts  at  150*,  but  proceeds  slowly 
at  this  temperature.  Thus,  when  the  vinylbicycloheptene  was  heated  in  a  sealed  tube  at  150*  for  12  hours,  7*^  of 
tetrahydroindene  was  formed.  With  an  increase  in  the  time  of  heating,  the  yield  of  tetrahydroindene  increases 
proportionately  —  when  vinylbicycloheptene  was  refluxed  in  a  flask  at  150*  for  88  hours,  46-4870  of  tetrahydroindene 
was  formed.  At  a  higher  temperature  (300*)  the  isomerization  of  vinyl-  and  isopropenylbicycloheptene  proceeds 
rapidly,  but  when  it  is  carried  out  in  a  circulating  apparatus  it  is  accompanied  by  partial  breakdown  of  the  starting 
hydrocarbon  in  the  manner  of  a  retrodiene  synthesis.  Thus,  when  vinylbicycloheptene  was  passed  through  a  tube 
heated  to  300* ,  507o  of  it  isomerized  to  tetrahydroindene,  48.57o  decomposed  to  cyclopentadiene  and  butadiene,  and 
1.57>  of  the  vinylbicycloheptene  was  unchanged.  When  isopropenylbicycloheptene  was  passed  through  a  tube  at  300*, 
697>  isomerized  to  5-methyltetrahydroindene  and  30%  decomposed  to  cyclopentadiene  and  isoprene;  l7o  of  the 
isopropenylbicycloheptene  was  recovered. 
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The  isomerization  of  vinyl-  and  isopropenylbicycloheptene  precisely  to  tetrahydroindene  and  5-methyltetra- 
hydroindene,  respectively,  was  demonstrated  by  comparison  of  the  physical  properties  of  the  compounds  obtained  with 
the  properties  of  these  compounds  obtained  by  us  previously  by  the  condensation  of  cyclopentadiene  with  butadiene 
and  isoprene  [13,  14]  and  also  by  the  fact  that  on  dehydrogenation  the  tetrahydroindene  formed  indane  and  the 
isopropenylbicycloheptene  formed  5-methylindane. 

It  was  natural  to  suppose  that  the  isomerization  of  vinyl-  and  isopropenylbicyclopeptene  to  tetrahydroindene 
and  methyltetrahydroindene,  respectively,  might  proceed  through  a  stage  of  decomposition  to  cyclopentadiene  and 
butadiene  (or  isoprene)  with  a  subsequent  reaction  in  which  the  butadiene  or  isoprene  plays  the  role  of  the  diene. 


R  =  H,  CMj. 


•  0  -  Cd 


However,  special  experiments  on  the  condensation  of  cyclopentadiene  with  butadiene  and  isoprene,  respectively, 
by  passing  them  through  a  tube  at  300*  (i.e.,  under  the  conditions  where  isomerization  occurs)  showed  that  in  this 
case  neither  dimerization  nor  cop>olymerization  of  the  above-mentioned  diene  hydrocarbons  took  place.  If  the 
isomerization  proceeded  through  a  stage  of  decomposition  to  cyclopentadiene  and  butadiene  or  isoprene  and  their 
subsequent  reaction,  then,  of  course,  dimers  of  cyclopentadiene  and  butadiene  should  be  found  in  the  reaction  products 
along  with  the  codimers,  and  this  did  not  occur.  The  fact  that  isomerization  takes  place  even  on  simply  boiling 
the  vinylbicycloheptene  in  a  flask  also  argues  against  the  assumption  of  a  preliminary  decomposition  to  the  starting 
components.  If  in  this  case  cyclopentadiene  and  butadiene  were  formed,  then  the  latter  (b.p.  —4*)  under  the  experi¬ 
mental  conditions  should  partially  volatilize.  Consequently,  the  isomerization  of  vinyl-  and  isopropenylbicyclo¬ 
heptene  to  tetrahydroindene  does  not  proceed  through  a  stage  of  formation  of  cyclopentadiene  and  butadiene  (or 
isoprene). 

It  also  could  be  assumed  that  the  Isomerization  takes  place  as  a  result  of  rupture  of  the  C~C  bond  in  the 
endomethylene  bridge  and  closure  of  a  new  ring  at  the  expense  of  the  vinyl  group  and  a  carbon  of  the  endomethylene 
bridge.  This  assumption,  however,  which  seemed  entirely  probable  in  the  case  of  vinylbicycloheptene  [15],  in  the 
case  of  isopropenylbicycloheptene  proved  to  be  incorrect,  since  in  this  case,  when  isopropenylbicycloheptene 
isomerized,  1 -methyltetrahydroindene  should  have  been  formed  (with  a  methyl  group  in  the  five-membered  ring), 
but  actually  5 -methyltetrahydroindene  was  formed  (with  the  methyl  group  in  the  six-membered  ring). 

The  formation  in  the  condensation  of  cyclopentadiene  with  isoprene  and  in  the  isomerization  of  2 -isopropenyl¬ 
bicycloheptene -5  of  the  same  5 -methyltetrahydroindene  favors  the  conclusion  that  both  the  condensation  and  the 
isomerization  proceed  through  one  common  intermediate  step. 


We  ate  inclined  to  assume  that  the  condensation  of  cyclopentadiene  with  butadiene  or  isoprene  proceeds  in  the 
same  way  as  has  been  proposed  for  the  dimerization  of  isoprene  [16],  through  the  intermediate  formation  of  biradicals. 
The  latter  either  may  be  stabilized  and  then  one  of  the  codimers  formed,  or  may  be  first  isomerized  by  way  of  an 
allyl  shift  of  the  double  bonds  and  only  then  stabilized  and  the  other  codimer  subsequently  formed. 


0*1 

R 


(B) 


R 


Thus,  when  vinyl-  or  isopropenylbicycloheptene  is  isomerized,  the  rupture  of  the  C— C  bond  which  is  one 
carbon  away  from  the  two  double  bonds  occurs  (according  to  O.  Schmidt's  rule)  and  the  biradical  A  that  is  formed 
undergoes  isomerization  to  the  biradical  B  and  then  is  stabilized. 
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This  new  type  of  thermal  isomerization  is  apparently  a  specific  property  of  vinylbicycloheptene  and  its  homo¬ 
logs,  since  neither  2-ethylbicycloheptene-5  nor  2-vinylbicycloheptane,*  nor  2-ethylblcycloheptane  undergo  asimilar 
sort  of  conversion  under  these  conditions. 

It  is  very  probable  that  the  isomerization  of  1-hydroxydicyclopentadiene  to  8-hydroxydicyclopentadiene  takes 
place  by  a  similar  scheme,  which  as  indicated  in  the  literature  [17]  also  proceeds  by  way  of  dissociation  to  cyclo- 
pentadiene  and  hydroxycyclopentadiene.  If  the  mechanism  proposed  by  us  is  correct,  the  isomerization  of  1-hydroxy- 
cyclopentadiene  can  be  represented  in  the  following  way: 

(Egi  “  dp =0^=03 

OH  OH  OH 

The  fact  that  when  cyclopentadiene  is  condensed  with  butadiene  an  increase  in  the  reaction  temperature  results 
in  an  increase  in  yield  of  tetrahydroindene  and  a  corresponding  decrease  in  yield  of  vinylbicycloheptene  [13]  is  asso¬ 
ciated  with  capacity  of  the  latter  to  isomerize  to  tetrahydroindene.  Comparison  of  the  yields  of  tetrahydroindene 
obtained  when  vinylbicycloheptene  is  isomerized  with  the  relative  yields  of  these  hydrocarbons  in  the  synthesis,  how¬ 
ever,  shows  that  the  degree  of  conversion  of  vinylbicyclojteptene  to  tetrahydroindene  is  less  than  the  increase  in  yield 
of  the  latter  when  the  temperature  of  the  reaction  is  increased.  From  this  it  follows  that  the  increase  in  the  yield  of 
tetrahydroindene  occurs  not  only  at  the  expense  of  isomerization  of  vinylbicycloheptene  but  also  that  a  certain  portion 
of  the  tetrahydroindene  is  a  primary  product  of  reaction  of  cyclopentadiene  with  butadiene. 

EXPERIMENTAL 

Isomerization  of  2-vinylbicyclo[2.2.1]heptene-5  to  tetrahydroindene.  a)  Thirty -three  grams  of  vinylbicyclo¬ 
heptene  was  passed  at  300*  with  a  velocity  of  4.5  g/hour  through  a  quartz  tube  (length  80  cm  and  diameter  14  mm) 
filled  with  broken  quartz.  Thirty  and  four  tenths  grams  of  condensate  was  obtained,  from  which  we  obtained  by 
fractional  distillation  6.7  g  of  butadiene  (identified  in  the  form  of  the  adduct  with  maleic  anhydride,  m.p.  101-102* 
from  petroleum  ether  [18]),  6.3  g  of  cyclopentadiene  (b.p.  40-41*,  adduct  with  maleic  anhydride  m.p.  160.5-162.5* 
[19]),  15.2  g  of  tetrahydroindene  (b.p.  74.1-74.3*  at  44  mm,  n*®D  1.4982,  d*®^  0.9266),  and  traces  (0.3  g)  of  the 
starting  vinylbicycloheptene. 

b)  Thirteen  and  seven  tenths  grams  of  vinylbicycloheptene  (n*®D  1.4807)  was  heated  in  a  sealed  ampoule  at 
150*  for  12  hours.  From  the  product  which  was  removed  (13.3  g,  n*®D  1.4840)  we  obtained  on  distillation  12.0  g  of  a 
mixture  of  vinylbicycloheptene  (93%)  and  tetrahydroindene  (7%)  with  b.p.  139-145*  and  n*®D  1.4818.  The  residue  after 
distillation  (1.0  g)  had  n*®D  1.5088  and  was  a  higher  molecular  weight  compound. 

c)  By  heating  11.0  g  of  vinylbicycloheptene  in  a  sealed  ampoule  at  170*  for  5  hours  we  obtained  9.0  g  of  a 
mixture  of  57%  vinylbicycloheptene  and  43%  of  tetrahydroindene  (b.p.  144-160*,  n*®D  1.4880). 

d)  Six  and  six  tenths  grams  of  vinylbicycloheptene  was  refluxed  in  a  flask  in  an  atmosphere  of  nitrogen  for 
88  hours.  By  distillation  of  the  product  obtained  (5.7  g)  we  isolated  4.5  g  of  a  mixture  of  vinylbicycloheptene  and 
tetrahydroindene  with  b.p.  140-156*,  n*®D  1.4925,  d*®4  0.9170.  The  residue  from  the  fractional  distillation  (1.2  g) 
was  a  higher  molecular  weight  compound.  Judged  by  the  index  of  refraction  and  the  specific  gravity,  the  mixture  of 
hydrocarbons  obtained  consisted  of  31%  of  vinylbicycloheptene  and  69%  of  tetrahydroindene.  According  to  Raman 
specual  data  the  mixture  consisted  of  25%  vinylbicycloheptene  and  75%  of  tetrahydroindene. 

When  an  equimolecular  mixture  of  cyclopentadiene  and  butadiene  was  passed  through  a  quartz  tube  at  168  and 
300*  at  a  velocity  of  3  g/hour,  a  mixture  of  the  starting  hydrocarbons  was  obtained. 

Isomerization  of  2-isopropenylbicyclo[2.2.1  ]heptene-5.  Thirty-five  and  eight  tenths  grams  of  isopropenyl- 
bicycloheptene  (n  D  1.4862)  was  passed  through  a  quartz  tube  at  300*  with  a  velocity  of  6  g/hour.  Thirty-three 
and  nine  tenths  grams  of  condensate  was  obtained,  from  which  we  separated  by  distillation  on  a  column  8.8  g  of  a 
mixture  of  cyclopentadiene  and  isoprene  (b.p.  34-40*,  n*®D  1.4380),  0.4  g  of  the  starting  isopropenylbicycloheptene 
(b.p.  64.2-69.7*),  n*®D  1.4849),  and  23.7  g  of  5-methylteirahydroindene. 

*  2-Vinylbicyclo[2.2.1]heptane  was  prepared  by  us  by  pyrolysis  of  the  acetate  of  2-(2-bicyclo[2.2.1]heptyl)ethanol-l 
at  430* ;  formation  of  an  isomerization  product  was  not  observed  under  these  conditions. 
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B.p.  75.5*  (21  mm).  181*  (760  mm),  n“D  1.4932,  cl*®^  0.9097,  MRp  42.90;  calc.  43.04. 

Found  *70:  C  89.51,  89.42;  H  10.62,  10.41.  CjoHu.  Calculated  *70;  c  89.48;  H  10.51. 

On  dehydrogenation  of  the  methylteuahydroindene  thus  obtained  over  platinized  carbon  at  310-315*  with  a 
volume  velocity  of  0.2  we  obtained  5-methylindane. 

B.p.  93.0*  (21  mm),  n*®D  1.5330,  d*®4  0.9465.  Literature  data  [18]:  b.p.  201.1*  (740.5  mm).  n*®D  1.5311, 
d**4  0.9442. 

When  20.6  g  of  an  equimolar  mixture  of  cyclopentadiene  and  isoprene  was  passed  through  a  quartz  tube  at 
300*  at  the  rate  of  4  g/hour,  we  obtained  16.6  g  of  the  starting  mixture  of  cyclopentadiene  and  isoprene  with  b.p. 

35-38*,  n*®D  1.4330. 

Study  of  the  thermal  stability  of  5-ethylbicyclo[2.2.1]heptene-2  and  2-ethylbicyclo[2.2.1]heptane.  a)  Seven 
and  nine  tenths  grams  of  ethylbicycloheptene*  (b.p.  140-14?,  n*®D  1.4648)  was  passed  through  a  quartz  tube  at  30? 
with  a  velocity  of  4.3  g/hour.  From  the  condensate  (6.6  g)  We  obtained  by  fractional  distillation  0.5  g  of  a  very 
volatile  compound,  which  apparently  was  butene-1,  0.6  g  of  cyclopentadiene  (n*®D  1.4420),  and  4.8  g  of  the  starting 
ethylbicycloheptene  (b.p.  139-14?,  n*®D  1.4664).  The  somewhat  high  index  of  refraction  of  the  regenerated  ethyl- 
bicycloheptene  is  explained  by  the  presence  in  it  of  a  trace  of  dicyclopentadiene.  Thus,  under  these  conditions  only 
a  slight  decomposition  of  ethylbicycloheptene  to  cyclopentadiene  and  butene  occurs  (-15*70),  and  the  main  portion  of 
it  is  unchanged  (-85*70). 

b)  Five  and  nine  tenths  grams  of  2-ethylbicyclo(2.2.1]heptane  (n*®D  1.4568)  was  passed  through  a  tube  at  30? 
with  a  velocity  of  5  g/hour.  The  condensate  obtained  (5.05  g)  had  b.p.  of  151.6*  (745  mm),  n*®D  1.4567. 

SUMMARY 

1.  The  thermal  conversion  of  2-vinyl-  and  2-isopropenylbicyclo(2.2.1]heptene-5  has  been  studied, and  It  has 
been  shown  that  at  150-300*  they  are  converted  to  4,9,7,8-tetrahydroindene  and  5-methyl-4,9,7,8-tetrahydroindene, 
respectively. 

2.  The  isomerization  studied  is  apparently  a  specific  property  of  2-vinylbicyclo[2.2.1]heptene-5  and  its  homologs, 
since  neither  5-ethylbicyclo[2.2.1]heptene-2,  2-vinylbicyclo[2.2.1]heptane  nor  2-ethylbicyclo(2.2.1]heptane  under¬ 
go  such  conversions  under  these  conditions. 

3.  A  possible  isomerization  mechanism  has  been  suggested. 
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In  our  previous  communications  [1,  2]  we  described  the  preparation  of  symmetrical  diamines  [1],  ethers  and 
thioethers  [2]  of  the  furan  series  from  2,5-bis(chloromethyl)furan.  In  the  present  work  we  used  this  compound  for  the 
synthesis  of  symmetrical  2,5-dialkylfurans,  which,  with  the  exception  of  2,5-dimethylfuran  [3],  the  most  available 
and  therefore  studied  in  the  most  detail,  were  unknown  until  recently.  Thus,  2,5-diethyl-  and  2,5-dipropylfuran 
were  prepared  only  in  1953  by  the  acylation  of  a -ethyl-  and  a-propylfuran,  respectively,  with  subsequent  reduction 
of  the  5-alkyl-2-acylfurans  which  were  formed  [4].  2,5-Di(tert-butyl)furan  was  prepared  in  low  yield  in  1957  [5]  by  the 
alkylation  of  furan  with  isobutylene  in  the  presence  of  boron  fluoride  etherate.  2,5-Di(tert-amyl)furan  has  been 
described  as  a  by-product  formed  in  the  alkylation  of  furan  with  isoamylene  [6]. 

To  prepare  the  symmetrical  2,5-dialkylfurans  we  reacted  2,5-bis(chloromethyl)furan  (I)  with  organomagnesium 
compounds  and  established  that  the  2,5-dialkylfurans  are  obtained  in  33-56*^  yield  and  that  the  yield  depends  essential¬ 
ly  on  both  the  length  of  the  carbon  chain  and  the  nature  of  the  halogen  of  the  alkylmagnesium  halide.  The  highest 
yield  of  dialkylfurans  was  obtained  in  working  with  alkylmagnesium  chlorides  (46*^  with  propylmagn'‘sium  chloride 
and  38^  with  butylmagnesium  chloride);  in  the  case  of  the  alkylmagnesium  bromides  the  yield  fell  to  37%  with 
propylmagnesium  bromide  and  29%  with  butylmagnesium  bromide,  and  with  methylmagnesium  iodide  it  was  only 
about  5%. 


R'CHj-l  J-CHjR' 
0 


With  theGrignard  reagents  from  n-octyl  bromide,  bromobenzene,  benzyl  chloride,  cyclopentyl-  and  cyclo¬ 
hexyl  chlorides  there  was  no  success;  the  reaction  products  were  undistillable  and  uncrystallizable  tarry  materials. 

In  the  case  of  phenylmagnesium  bromide  and  benzylmagnesium  chloride  we  were  also  able  to  isolate  biphenyl  (5%) 
and  symmetrical  diphenylethane  (18%),  respectively.  According  to  the  data  in  the  literature,  when  methylmagnesium 
iodide  acts  on  furfuryl  chloride,  symmetrical  difurylethane  is  obtained  in  50%  yielc,  instead  of  the  expected  ethyl- 
furan  [7].  In  the  reaction  described  by  us,  the  competing  process  was  a  polycondenjation  of  the  same  type,  which 
should  lead  to  polymers  of  the  following  structure: 
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When  2,S-bis(chloromethyl)furan  reacted  with  lithium  alkyls,  the  yields  of  the  corresponding  dialkylfurans 
were  19-25%.  When  2,5-bis(chloromethyl)furan  was  reduced  in  the  presence  of  palladium  on  barium  sulfate,  we 
obtained  2,5-dimethylfuran  in  55%  yield. 

EXPERIMENTAL 

Reaction  of  2 ,5  -  B  ls(  c  hi  oro  m  e  th  y  1  )f  ur  a  n  (1)  with  Alkylmagnesium  Halides 

In  a  500-ml  three-necked  flask  with  a  reflux  condenser,  stirrer,  and  dropping  funnel  was  jdaced  a  solution  of 
0.12  mole  of  alkylmagnesium  halide  in  200  ml  of  absolute  ether,  and  to  it  was  added  dropwise,  during  1.5-2  hours  at 
25*,  a  solution  of  0.05  mole  of  compound  (I)  in  25  ml  of  ether.  The  mixture  was  boiled  for  4-5  hoirs,  cooled,  and 
decomposed  with  10%  ammonium  chloride  solution.  The  ether  layer  was  separated  and  the  aqueous  layer  was 
extracted  three  times  with  ether.  The  ether  extracts  were  combined,  washed  with  water,  and  dried  with  magnesium 
sulfate.  After  the  ether  had  been  distilled  off,  the  residue  was  distilled  in  vacuum  over  sodium. 

2.5- Diethylfuran.  a)  From  8.25  g  of  compound  (I),  2.65  g  of  magnesium,  and  11.4  g  of  methyl  bromide  we 
obtained  3.5  g(56%). 

B.p.  70-71*  (75  mm),  n*®D  1.4510,  d**’^  0.8864,  MRp  37.71.  CgHijOF,.  Calculated  37.65. 

Found  %:  C  77.20,  77.27;  H  9.73,  9.81.  CgHijO.  Calculated  %:  C  77.39;  H  9.74. 

b)  From  8.25  g  of  compound  (I),  2.65  g  of  magnesium,  and  17.0  g  of  methyl  iodide  we  obtained  0.32  g  (5%). 

B.p.  64-65*  (55  mm),  n*°D  1.4514,  0.8860,  MRp  37.77. 

Literature  data;  b.p.  138“  (758  mm),  n^®D  1.4548. 

2.5 - Dipropy Ifuran.  From  8.25  g  of  compound  (I),  2.65  g  of  magnesium,  and  13.1  g  of  ethyl  bromide  we 
obtained  3.35  g  (44%). 

B.p.  66-6r  (13  mm),  n*®D  1.4533,  dF°4  0.8802,  MR^,  46.77.  CioHigOFj.  Calculated  46.89. 

Found  %:  C  78.69,  78.87;  H  10.75,  10.82.  CioHjeO.  Calculated  %:  C  78.91;  H  10.60. 

Literature  data;  b.p.  173*  (756  mm),  n^*D  1.4543. 

2.5- Dibutylfuran.  a)  From  8.25  g  of  compound  (I),  2.65  g  of  magnesium,  and  9.3  g  of  propyl  chloride  we 
obtained  4.15  g  (46%). 

B.p.  74-75*  (5  mm),  n*®D  1.4545,  d*®^  0.8687,  MRd  56.25.  CijHjoOF*.  Calculated  56.12. 

Found  %;  C  79.70,  79.86;  H  11.28,  11.32.  CigHgoO.  Calculated  %;  C  79.93;  H  11.18. 

b)  From  8.25  g  of  compound  (I),  2.65  g  of  magnesium,  and  14.7  g  of  propyl  bromide  we  obtained  3.35  g  (37%). 

B.p.  76 -7r  (6  mm),  i?®D  1.4547,  d*®*  0.8686,  MRd  56.27. 

2.5 - Diamylfuran.  a)  From  8.25  g  of  compound  (I),  2.65  g  of  magnesium,  and  11  g  of  butyl  chloride  we 
obtained  3.95  g  (38%). 

B.p.  99-100*  (5  mm),  n*"D  1.4570,  d*®4  0.8702,  MR^  65.20.  C^Hg/^F*.  Calculated  65.36. 

Found  %;  C  80.70,  80.84;  H  11.20,  11.38.  Ci4Hg4P.  Calculated  %;  C  80.72;  H  11.61. 

b)  From  8.25  g  of  compound  (I),  2.65  g  of  magnesium,  and  16.5  g  of  butyl  bromide  we  obtained  3.0  g  (29%). 

B.p.  96-9r  (4  mm).  n*®D  1.4572,  d*®4  0.8700,  MRp  65.24. 

2.5- Diisoamylfuran.  From  8.25  g  of  compound  (I),  2.65  g  of  magnesium,  and  16.5  g  of  isobutyl  bromide  we 
obtained  3.45  g  (33%). 

B.p.  74-75*  (2  mm).  n*®D  1.4565,  d*®4  0.8714.  MRp  65.05.  Ci4HjPfi.  Calculated  65.36. 

Found  %;  C  80.69,  80.93;  H  11.66,  11.70.  CuHgP.  Calculated  %;  C  80.72;  H  11.61. 
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Reaction  of  2,5 -B  ls(  chloromethyl)furan  (1)  with  Lithium  Alkyls 


As  described  above,  to  a  solution  of  0.10-0.12  mole  of  lithium  alkyl  in  150  ml  of  absolute  ether  [8]  cooled 
with  ice  water  was  added  dropwise  during  1  hour  a  solution  of  0.05  mole  of  compound  (I)  in  25  ml  of  ether.  After 
die  cooling  water  had  been  removed,  the  mixture  was  stirred  for  2  hours,  boiled  for  30  minutes,  cooled,  and  decom¬ 
posed  with  2  N  acetic  acid.  The  ether  extracts  were  washed  with  sodium  carbonate  and  with  water,  and  dried  with 
magnesium  sulfate.  After  the  ether  had  been  distilled  off,  the  residue  was  distilled  in  vacuum  over  sodium. 

2.5- Dipropylfuran.  From  8.25  g  of  compound  (I),  3.5  g  of  lithium,  and  27.3  g  of  ethyl  bromide  we  obtained 
1.9  g(25‘^). 

B.p.  59-60*  (8  mm).  n”D  1.4534,  d*®4  0.8808,  MR^  46.76. 

2.5- Dibutylfutan.  From  8.25  g  of  compound  (I),  3.5  g  of  lithium,  and  30.7  g  of  propyl  bromide  we  obtained 
1.9  g  (21*^^). 

B.p.  70-71*  (4  mm),  n“D  1.4543,  0.8689,  MR^,  56.22. 

2.5- Diamylfuran.  From  8.25  g  of  compound  (I),  3.5  g  of  lithium,  and  34.3  g  of  butyl  bromide  we  obtained  2.1  g 

(19%). 

B.p.  91-92*  (3  mm),  n?®D  1.4574,  d*®4  0.8700,  MRq  65.26. 

Reduction  of  2  ,5 -B  is(  chloromethyl)furan  (1) 

Two  and  five  tenths  grams  of  compound  (I)  and  1.85  g  of  potassium  hydroxide  were  dissolved  in  30  ml  of  80% 
acetone  and  hydrogenated  in  the  cold  with  shaking  in  the  presence  of  palladium  on  barium  sulfate.  In  3  hours  500  ml 
(STP)  of  hydrogen  (75%)  was  absorbed.  After  the  catalyst  had  been  removed,  the  filtrate  was  treated  with  excess 
saturated  sodium  bisulfite  solution,  filtered,  and  the  filtrate  extracted  with  ether;  the  extracts  were  dried  with 
magnesium  sulfate,  the  ether  was  distilled  off,  and  the  residue  was  distilled  over  sodium.  We  obtained  0.8  g  (55%) 
of  2,5-dlmethylfuran. 

B.p.  94-95*  (742  mm),  n*®D  1.4425,  cl*®4  0.8955,  MR^  28.43.  CeHiOPj.  Calculated  28.42. 

Literature  data;  B.p.  94.5-95.5*  (755  mm).  n?®D  1.4419,  d*®4  0.8950,  MRq  28.39  [9]. 

SUMMARY 

The  reaction  of  2.5-bis(chloromethyl)furan  with  alkylmagnesium  halides  can  serve  as  a  method  of  synthesis 
of  simple  symmetrical  dialkylfurans  up  to  2,5-diamylfuran,  inclusive.  The  use  in  this  reaction  of  alkylmagnesium 
chlorides  ensures  obtaining  dood  yields. 
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The  well-known  linear  relationship  of  Hammett  [1]: 


Ir 


is  properly  used  for  reaction  rate  constants  and  equilibrium  constants  of  aromatic  compounds  of  the  type: 

_ 

Here  k  and  k°  are  rate  or  equilibrium  constants  characterizing  the  substituted  (substituent  A)  and  unsubstituted  (A  =  H) 
aromatic  derivative;  a  is  a  constant  characteristic  of  the  substituent  A  and  its  position  in  relation  to  the  reacting 
group  Y  and  independent  of  the  type  of  reaction;  p  is  the  reaction  constant. 

It  has  recently  been  shown  in  our  laboratory  [2]  that  the  equation 


is  well  maintained  for  organophosphorus  compounds  of  the  general  type: 


A 


\p/^ 


X 

Y 


The  role  of  the  carrying  system  is  played  here  by  the  group  P  =  X  (X  is  oxygen  or  sulfur)  instead  of  by  the 
benzene  rings;  A  and  B  are  groups  of  atoms  joined  to  phosphorus  and  characterized  each  by  its  own  value  of  a.  For 
the  unsubstituted  standard,  the  corresponding  (sometimes  hypothetical)  hydrogen  compound  is  taken  (A  =  B  =  H). 
Naturally  the  constants  o  for  the  organophosphorus  compounds  of  the  indicated  type  with  its  specific  carrying  system 
differ  from  the  Hammett  constants  o. 

The  linear  relationship  shown  was  verified  for  the  ionization  constants  of  oxygen  acids  of  phosphorux  (X  =  O ; 

Y  =  OH)  [2,  3]  and  also  of  the  monothio  acids  of  phosphorus  (X  =  S ;  Y  =  OH)  [4]  in  water,  7,  50,  and  80^  alcohol,  and 
for  the  protolysis  constants  of  the  phosphorus  acids  with  the  base  of  hexamethoxy  red  in  benzene  and  chlorobenzene 
[5],  In  all  cases  a  good  linear  relationship  was  observed  with  the  coefficients  of  correlation  not  less  than  0.95. 

Several  years  ago  Godovikov  [6]  synthesized  a  dithio  acid  of  structures  (I): 


(I) 


CztIsOy  .S 

CII3/  \sii 


(II) 


CallfiOv  p^S 

CjllsO/  ^SH 


Its  ionization  constant  in  water  at  20*  (pK  1.68)  proved  to  be  practically  the  same  as  the  ionization  constants 
of  diethyldithiophosphoric  acid  (11)  ({^  1.62)  [7].  If  we  compare  with  this  the  fact  of  the  great  difference  in  Eo 
for  these  compounds  (in  the  first  case  Eo  is— 1.179,  and  in  the  second  it  is— 0.428),  then  we  might  come  to  the 
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conclusion  that  Hammett's  rule  is  not  maintained  for  the  dithio  acids  of  phosphorus.  We  therefore  undertook  a 
special  investigation  of  this  question. 

We  synthesized  16  dithio  acids  of  phosphorus  of  three  types: 


nOv  /S 

no^  ^sii 


no^ 


\SII 


H 

n 


■< 


s 

Sll 


Some  of  these  acids  have  been  described  in  the  literature,  but  some  of  them  were  prepared  for  the  first  time. 

For  all  the  acids  we  measured  the  ordinary  (apparent)  ionization  constants  in  7  and  8(/7o  aqueous  alcohol  (Table  1). 

It  can  be  seen  from  the  data  in  Table  1  that  an  astonishingly  constant  pK  is  observed  for  the  dithio  acids  of  phosphorus 
independent  of  the  nature  of  the  substituents  A  and  B.  On  the  coordinates  pK  and  La  (Fig.  1)  straight  lines  are 
obtained  almost  parallel  with  the  abscissa  axis.  For  7^  aqueous  alcohol  p  is  0.0007,  log  ko  =  1.74;  for  80^  aqueous 
alcohol  the  corresponding  values  are  0.022  and  2.64. 


Fig.  1.  Relationship  of  ionization  constant 
of  phosphorus  dithio  acid  ABPSSH  to  Eo 
in  7^ (lower  straight  line)  and  80% (upper 
straight  line)  alcohol  at  20*.  For  number¬ 
ing  of  points  see  Table  1. 


The  results  obtained  can  be  explained  in  two  alternate  ways. 
The  first  leads  to  acknowledgment  of  the  inapplicability  of 
Hammett's  rule  to  the  objects  under  investigation  or.  which  in  this 
case  is  the  same,  to  acknowledgment  of  the  inability  of  the  group 


to  conduct  the  effect  of  the  groups  A  and  B  to  the 


ionization  bond  S— H.  The  second  possible  explanation  is  based  on 
the  assumption  of  inner  compensation  of  the  effect  of  the  substi¬ 
tuents  on  various  factors  which  determine  the  strength  of  the 
phosphorus  dithio  acids  in  aqueous  media,  i.e.,  the  constant  of 
protolytic  equilibrium  with  water.  Thus,  from  intramolecular 
factors  the  substituents  may,  on  the  one  hand,  have  a  purely 
inductive  effect  on  the  S-H  bond,  and  on  the  other  hand,  may 
to  some  extent  destroy  the  conjugation  (see  diagram  below  left) 
and  thus  affect  this  bond  by  another  mechanism. 


We  may  speak  of  the  effect  of  the  substituents  on  the  condition  of  solvation  of  the  ions  and  the  molecules, 
etc.  If  the  different  effects  summarized  lead  to  mutual  compensation,  then  the  observed  independence  of  the 
ionization  constants  from  the  nature  of  the  substituents  does  not  indicate  the  absence  of  these  effects, and  Hammett's 
rule  is  applicable  to  the  systems  under  consideration  in  the  exceptional  case  where  p  is  equal  or  close  to  zero. 

The  choice  between  these  two  hypotheses  may  be  made  on  the  basis  of  an  investigation  of  the  relationship  of 
the  constants  of  other  reactions  of  the  phosphorus  dithio  acids  to  the  nature  of  the  substituents  A  and  B.  If  the 

Hammett  rule  is  not  applicable  to  the  phosphorus  dithio  acids  and  the  system  is  en- 


A 
I 

«;=:D  .^<5  — 


5  =  P 
I 

B 


S-H 


tirely  incapable  of  transmitting  the  effect  of  the  substituents  A  and  B  to  the  S-H  bond,  then  the 
constants  of  the  other  reaction  also  should  not  be  dependent  on  the  nature  of  A  and  B.  If,  how¬ 
ever,  the  Hammett  rule  is  applicable  to  the  system  under  consideration,  and  internal  compen¬ 
sation  of  the  effects  (for  example,  those  assumed  above)  occurs  only  in  the  case  of  the  ioni¬ 
zation  constants,  then  it  is  completely  improbable  that  full  internal  compensation  of  effects 
and  independence  of  log  k  from  Eo  would  again  take  place  for  other  reactions.  In  other  words,  when  the  type  of 
reaction  was  changed,  we  could  calculated  on  the  basis  of  the  usual  linear  Hammett  relationship  with  the  tangent  of 
the  angle  of  slope  differing  from  zero. 


We  determined  the  pseudomonomolecular  rate  constants  of  benzylation  of  the  sodium  salts  of  the  phosphorus 
dithio  acids  with  benzyl  chloride  in  95.5%  alcohol  at  25*  (Table  2).  It  can  be  seen  that  the  reproducibility  of  the 
results  in  replicate  experiments  was  good, and  if  we  do  not  count  compounds  7  and  9,  the  rate  constants  increase 
regularly  with  a  decrease  in  Eo.  In  Fig.  2  the  relationship  of  log  k  to  Eo  is  shown  graphically.  It  corresponds  to  a 
straight  line  with  tan  a  =  p  =—0.236  and  log  k°  =  —3.87.  The  coefficient  of  correlation  r  =  0.964. 


Thus,  the  Hammett  equation  is  applicable  to  the  rate  constants  of  benzylation  of  the  salts  of  the  phosphorus 
dithio  acids  with  the  previously  reported  constants  o  [2,  3]  of  the  substituents.  If  we  compare  with  these  data  the 
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•  •  • 


With  respect  to  thymolphthalein. 

*  Sodium  salt. 

*  *The  iodometric  equivalent  of  the  salt  was  determined. 

*  •  ‘Values  are  given  which  are  defined  more  accurately  in  comparison  with  [7], 


log  k 


TABLE  2 


Rate  Constants  of  Benzylation,  k(sec~^],  of  Salts  ABPSSNa  with 
Benzyl  Chloride  in  95.5%  Alcohol  at  25* 


fc  l«ec~'l 

•  10* 

Com- 

pounc 

No. 

A 

B 

1 

found  * 

a 

ver- 

ge 

»  J 

/ 

CcHsO 

CellsO  [ 

1.29 

1.16 

1  1.23 

-0.122 

2 

CUjO 

CH3O  { 

1.37 

1.48 

[  1.43 

—0.248 

3 

T-^HbO 

C2H5O  } 

1.40 

1.47 

J  1.44 

— ((.428 

( 

2.43  1 

\ 

4 

p-ClCeH4 

p-  ClCeH4 

2.71 

2.42 

— 0..584 

2.11 

1 

5 

iSO“C4H90 

iso-  C4H9O  1 

2.31 

2.67 

j  2.49 

— IMMKK 

6 

1  ^"041190 

n-C4H9()  { 

1.89 

1.95 

j  1.92 

—0.822 

1 

5.26 

1 

7 

CsHs 

CeHs 

5.21 

}  5.25 

—  1.184 

5.27 

I 

S 

CH3 

n-C,H70  j 

3.07 

3.15 

|3.11 

—  1.280 

9 

p-C  H3C0H4 

P-CH3C«H4  { 

5.73 

5.56 

1  5.65 

—  1.348 

10 

CH3 

n-C4H90  { 

2.92 

2.60 

j  2.76 

—  1.376 

11 

C2H5 

C2H5  { 

4.26 

4.49 

j  4.37 

—2.202 

12 

n  -  C3  H  7 

n-C3ll7  } 

4.13 

4.55 

|4.34 

-2.354 

13 

n-C4Ho 

n-C4H9  { 

4.79 

4.66 

j4.73 

-2.438 

14 

ISO-C3H7 

150-0.3117  { 

5.34 

5.77 

j  5.56 

— 2.61K) 

Fig.  2.  Relationship  of  the  rate  constant  of 
benzylation  of  the  sodium  salts  of  the  phosphorus 
dithio  acids  ABPSSNa  with  benzyl  chloride  in 
95.5%alcohol  at  25“  to  La.  For  numbering  of 
points,  see  Table  2. 


results  of  measurement  of  the  constants  of  protolysis  of  the 
phosphorus  dithio  acids  with  the  base  of  hexamethoxy  red 
in  benzene  and  chlorobenzene,  obtained  by  two  of  us  and 
Ioffe  [5],  to  which  the  Hammett  equation  also  is  normally 
applicable,  then  we  may  arrive  at  the  conclusion  that  the 
Hammett  equation  is  applicable  to  the  reactions  of  the 
phosphorus  dithio  acids  and  that  the  constancy  of  the 
ionization  constants  of  the  phosphorus  dithio  acids  in  water 
and  their  independence  of  the  nature  of  the  substituents  A 
and  B  are  the  results  of  internal  compensation  of  effects 
(possibly  by  the  mechanism  considered  above). 

We  should  pay  especial  attention  to  points  7  and  9 
(Fig.  2).  They  correspond  to  the  sodium  salts  of  diphenyl- 
dithiophosphinic  acid  and  di-p-tolyldithiophosphonic  acid. 
As  has  been  shown  previously  [3],  the  value  of  o  for  the 
phenyl  and  p-tolyl  groups  remains  constant  only  in  the 
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presence  of  one  aryl  group  on  the  phosphorus.  When  there  are  two  such  groups,  the  value  of  o  changes  because  of 
steric  reasons.*  Apparently  the  magnitude  of  this  change  depends  on  the  type  of  reaction.  These  deviations  can  be 
compared  with  the  known  deviations  from  the  linear  Hammett  relationship  for  ortho -substituted  aromatic  compounds, 
where  the  value  of  a  also  is  not  constant  [8]. 


EXPERIMENTAL 

Determination  of  ionization  constants  of  the  phosphorus  dithio  acids  was  carried  out  in  7  and  80^  aqueous 
alcohol  in  circuits  with  liquid  contacts,  using  an  LP-5  potentiometer  and  a  glass  electrode;  temperature  20r.  The 
concentrations  used  were  5  x  10**  M.  The  apparatus  was  balanced  with  respect  to  a  diphthalate  buffer  with  pH  4.00. 
The  value  of  pK  was  calculated  by  Kumler's  method  [9]  without  correcting  for  the  activity;  thus,  the  apparent 
ionization  constants  were  determined. 

Reaction  rate  constants  of  bcnzylation  of  the  sodium  salts  of  the  phosphorus  dithio  acids  were  determined*  * 
in  95.5%  alcohol  at  25  ±  0.1*.  The  concentrations  of  the  salts  were  0.02-0.05  M;  benzyl  chloride  was  used  in  ten 
times  excess.  The  course  of  the  reaction  was  followed  by  taking  aliquot  samples;  the  unreacted  salt  was  converted 
by  acidification  to  the  dithio  acid,  which  was  oxidized  with  iodine  to  the  disulfide. 


The  excess  iodine  was  titrated  with  sodium  thiosulfate.  The  analytical  method  was  first  checked  on  artificial 
mixtures  and  compared  with  the  data  from  acidimetric  determinations.  The  pseudomonomolecular  rate  constants 
were  calculated  by  the  usual  first  order  equation  log  using  the  method  of  least  squares. 

In  Figure  3  the  results  of  a  typical  experiment  are  shown  on 
a 

the  coordinates  log  and  u  The  parameters  of  the  Hammett 

equation  given  above  were  calculated  by  the  method  of  least  squares, 
but  the  values  corresponding  to  points  7  and  9  were  not  included  in 
the  calculations. 

SUMMARY 

1.  The  ordinary  (apparent)  ionization  constants  of  the  phos¬ 
phorus  dithio  acids  were  measured  at  20*  in  7  and  80%  alcohol  .and 
the  rate  constants  for  the  benzylation  of  the  sodium  salts  of  these 
acids  in  95.5%  alcohol  with  benzyl  chloride  at  25*  were  determined. 

2.  It  was  shown  that  the  Hammett  equation,  log -p-  =  pEo 

is  applicable  to  the  ionization  constants  and  the  reaction  constants 
for  benzylation  with  the  constants  a  obtained  previously. 
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*  A  similar  effect  also  should  be  expected  for  the  p-chlorophenyl  group.  As  a  result  of  the  small  absolute  value  of 
a  (—0.292),  however,  the  changes  caused  in  it  by  steric  factors  also  are  slight. 

*  *  With  the  assistance  of  Student  S.  Leimane  of  the  Riga  Polytechnic  Institute. 


a 

Fig.  3.  Relationship  of  log  -  to  t_  for 

the  benzylation  of  the  sodium  salt  of 
dimethyldithiophosphoric  acid  with  benzyl 
chloride  at  25*  in  95.5%  alcohol. 
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In  the  reaction  of  dimedone  (5,5-dimethylcyclohexanedione-l,3)  with  phenyl  iodosoacetate,  a  compound  of 
the  type  of  an  internal  iodonium  salt  is  formed,  which  has  been  called  an  iodone  (I)  [1,  2].  For  a  study  of  the 
adaptability  of  this  reaction  to  other  6 -dicarbonyl  compounds,  we  selected  5-phenylcyclohexanedione-l,3,  which  is 
very  similar  to  dimedone  in  its  properties.  We  found  that  phenyl  iodosoacetate  reacts  very  easily  with  5 -phenyl - 
cyclohexanedione-1,3  with  the  formation  of  the  phenyliodone  (II). 


The  phenyliodone  is  a  colorless  compound,  which  crystallizes  as  very  long,  thin  needles 
that  form  a  feltlike  mass.  In  contrast  to  the  iodone,  we  were  not  able  to  prepare  the  hydrate  of 
the  phenyliodone  or  its  adducts  with  acids  in  the  pure  form.  When  we  attempted  to  prepare  the 
hydrogen  chloride  adduct  of  the  phenyliodone,  a  decomposition  product  of  the  latter  was  formed- 
2-chloro-5-phenylcyclohexanedione-l,3  (III).  Since  when  5-phenylcyclohexanedione-l,3  is 
chlorinated  the  2,2-dichloro  derivative  always  is  formed  [3],  the  decomposition  of  the  phenyl¬ 
iodone  with  the  aid  of  hydrochloric  acid  may  prove  to  be  a  convenient  method  of  preparing  the 
monochloro  derivative,  which  has  not  been  described  previously  in  the  literature.  We  also 
succeeded  in  bringing  about  the  rupture  of  the  bond  between  the  iodine  and  the  phenyl  group.  When  the  phenyl¬ 
iodone  was  boiled  in  pyridine,  l-iodo-2-phenoxy-4-phenylcyclohexan-A***-one-6  (IV)  was  formed.  We  must  assume 
that  this  cleavage  represents  an  inuamolecular  heterolytic  process  and  the  phenyl  cation  is  not  formed  as  an 
independent  particle.  In  the  opposite  case  we  would  have  to  expect  the  formation  of  N -phenylpyridinium  salts, 
which  is  not  observed. 


l-Iodo-2-phenoxy-4-phenylcyclohexan-A^**-one-6  readily  splits  out  iodine  under  the  influence  of  zinc  dust  in 
glacial  acetic  acid.  The  2-phenyoxy-4-phenylcyclohexan-A^**-one-6  (V)  thus  obtained  is  hydrolyzed  by  hydrochloric 
acid  with  the  formaticm  of  phenol  and  5-phenylcyclohexanedione-l,3. 


I 

(VIII) 
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In  the  presence  of  silver  nitrate  and  pyridine  the  phenyliodone  was  smoothly  cleaved  and  the  silver  salt  of 
2-iodo-5-phenylcyclohexanedione-l,3  (VI)  was  formed, and  it  was  converted  to  l-iodo-2-ethoxy-4-phenylcyclo- 
hexan-A^ '*”000-6  (VII)  and  2”iodo-5-phenylcyclohexanedione-l,3  (VIII).  It  must  be  assumed  that  in  this  cleavage 
reaction  the  main  role  is  played  by  the  low  solubility  of  the  silver  salt  of  2”iodo”5”phenylcyclohexanedione”l,3  and 
the  ability  of  pyridine  to  solvate  the  carbon  atom  [4],  thus  facilitating  the  rupture  of  the  carbon-iodine  bond. 

As  in  the  work  with  dimedone[5],  experiments  on  the  direct  phenylation  of  5-phenylcyclohexanedlone-l,3 
were  set  up.  The  phenylation  did  not  go  smoothly,  and  we  were  able  to  isolate  in  the  pure  form  from  the  tarry 
reaction  products  only  2,5-dlphenylcyclohexanedione-l,3  (IX)  and  2-phenoxy-l,4-diphenylcyclohexan-A^'*-one-6 
(X)  in  small  yields.  2,5-Dlphenylcyclohexanedlone-l,3  (IX)  is  not  known  in  the  literature,  but  the  structure  of 
compound  (X)  was  demonstrated  by  cleavage  to  phenol  and  compound  (IX). 
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The  phenyliodone,  like  the  iodone  [2],  is  easily  acylated  and  alkylated.  The  products  obtained  were  low  in 
stability.  When  acylation  was  carried  out  with  acetyl  chloride,  only  2-chloro-5-phenylcyclohexanedione-l,3  (III) 
was  obtained. 

When  the  phenyliodone  reacted  with  benzoyl  chloride,  the  benzoate  (XI,  X  =  Cl)  was  formed,  and  it  was  very 
easily  decomposed;  in  aqueous  methanol  solution  the  chlorine  anion  could  be  replaced  by  bromine.  The  bromide 
(XI,  X  =  Br)  was  more  stable.  By  alkylation  of  the  phenyliodone  with  triethyloxonium  borofluoride  we  were  able  to 
obtain  the  borofluoride  (XII,  X  =  BF4),  which  was  a  colorless  amorphous  powder,  and  which  we  were  unable  to 
obtain  in  the  crystalline  form.  In  aqueous  methanol  solution  it  was  possible  to  obtain  the  corresponding  bromide  (XII, 
X  =  Br)  by  an  exchange  reaction  with  potassium  bromide;  the  bromide  was  a  crystalline  compound  which  gradually 
decomposed  on  standing. 

We  investigated  the  decomposition  of  the  borofluoride  (XII,  X  =  BF4)  in  the  presence  of  pyridine,  since  it  is  well 
known  that  diaryliodonium  borofluorides  under  such  conditions  are  cleaved  with  the  formation  of  N -arylpyridinium 
borofluorides  [6]. 


txiii)  (wv)  ixv) 


It  turned  out  that  decomposition  proceeded  easily  and  a  compound  was  formed  which  was  assigned  the 
structure  of  the  borofluoride  (XIII).  When  the  latter  was  hydrolyzed,  the  N -(5-phenylcyclohexanedion-l,3-yl-2) 
pyridinium  enolate-betaine  (XIV)  was  obtained.  It  is  interesting  to  note  that  the  same  enolate-betaine  is  obtained 
when  2-bromo-5-phenylcyclohexanedione-l,3  reacts  with  pyridine;  2-bromodimedone  with  pyridine  forms  only  tarry 
products.  A  similar  enolate-betaine  of  dimedone  (XVI)  could  be  obtained,  as  already  reported  [7],  by  the  cleavage 
of  the  borofluoride  (XVII)  in  the  presence  of  pyridine  and  hydrolysis  of  the  borofluoride  (XVIII,  X  =  BF4)  which  was 
formed. 


(XVI)  (XVIII) 
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The  borofluorides  (XIII  and  XVIII,  X  =  BF4)  and  the  perchlorate  (XVin,  X  =  CIO4)  have  some  peculiarities. 

Thus,  very  high  results  are  always  obtained  from  the  microdetermination  of  nitrogen.  In  order  to  characterize  these 
compounds,  in  addition  to  the  infrared  spectra  we  determined  the  borofluoride  or  perchlorate  anion  content.  The 
properties  of  the  corresponding  dimedone  derivatives  were  more  carefully  studied.  The  borofluoride  (XVIII,  X  =  BF4) 
for  unknown  reasons  can  exist  in  two  modifications  with  different  melting  points  (120  and  140*),  but  with  the  same 
properties  and  infrared  spectra.  The  conditions  for  the  transition  of  one  modification  to  the  other  could  not  be 
ascertained.  A  mixture  of  the  modifications  did  not  give  a  depression  in  melting  point,  but  fused  partially  at  120r 
and  completely  melted  at  140*. 

The  pyridinium  salts  (XIII)  and  (XVIII)  instantly  gave  a  dark  red  color  with  alkalies,  which  was  maintained  for 
hours  in  dlchloroethane  solutions,  but  disappeared  in  a  few  seconds  in  aqueous  solutions.  It  is  possible  that  the  color 
is  dependent  on  the  opening  of  the  pyridine  ring  with  the  formation  of  derivatives  of  glutaconic  aldehyde,  in  a  manner 
similar  to  some  other  N -derivatives  of  pyridine  containing  substituents  on  the  nitrogen  atom  with  strongly  expressed 
electron  acceptor  properties  [8], 

The  enolate -betaines  (XIV)  andCXVI)  were  dark  yellow  crystalline  compounds  which  readily  formed  dihydrates 
and  colorless  adducts  with  acids  (perchlorate  XV).  All  the  properties  agreed  completely  with  the  already  known 
N-(dibenzoylmethyl)pyridinium  enolate-betaine  [9]. 

N -Dimedonylpyridinium  enloate-betaine  (XVI)  was  readily  alkylated  by  triethyloxonium  borofluoride  and 
diethyl  sulfate.  We  were  able  to  obtain  the  starting  borofluoride  (XVIII,  X  =  BF4). 

To  determine  the  structure  of  the  new  compounds  that  were  prepared,  we  investigated  the  infrared  and,  in  some 
cases,  the  ultraviolet  absorption  spectra.  The  infrared  absorption  spectra  were  determined  in  an  DCS -12  apparatus 
with  a  prism  of  rock  salt  using  suspensions  in  paraffin  oil  or  solutions  in  chloroform.  The  ultraviolet  spectra  were 
determined  in  an  SF-4  apparatus.  The  shifts  observed  in  the  absorption  maxima  for  the  derivatives  of  dimedone  [2,7] 
were  also  related  fully  to  the  derivatives  of  5-phenylcyclohexanedione-l,3. 

In  the  ultraviolet  absorption  spectrum  of  5-phenylcyclohexanedione-l,3  in  alkaline  medium  a  maximum  appeared 
at  282  mM  f  <  15  300,  characteristic  of  all  the  cyclohexanediones-1,3  [10],  which  characterizes  the  enolate  anion  form. 
But  the  phenyliodone  was  characterized  by  a  maximum  at  261  mp  ,  e  11  600  (iodone  260  nyi ,  c  16  500),  and  the 
corresponding  pyridinium  enolate-betaine  (XIV)  by  maxima  at  252  mp  ,  c  16  400,  and  361  mp  ,  c  550  [dimedone 
derivative  (XVI)  260  mp  ,  e  19  150, and  366  mp  ,  e  1790],  in  spite  of  which  both  compounds  undoubtedly  exist  in  the 
enolate  anion  form. 


In  acid  medium  some  hypsochromic  shift  of  the  maximum  was  observed  for  dimedone  derivatives  (about  10  mp  ), 
which  is  associated  with  the  formation  of  un-ionized  forms.  In  the  case  of  the  derivatives  of  5-phenylcyclohexane- 
dione-1,3,  only  a  slight  shift  was  observed.  The  decrease  in  the  intensity  of  light  absorption  is  possibly  associated 
with  decomposition  of  the  material.  N-(5-Phenylcyclohexanedion-l,3-yl-2)pyridinium  borofluoride  was  character¬ 
ized  by  a  maximum  at  253  mp,£  19  350. 


The  infrared  absorption  spectra  were  more  characteristic  in  the  double  bond  region.  The  enolate  anion  system 
of  dimedone  was  characterized  by  an  extremely  intense  absorption  in  the  region  1510-1530  cm"^  and  by  some 
absorption  at  about  1560-1570  cm"*  [7].  The  sodium  salt  of  5-phenylcyclohexanedione-l,3  absorbed  intensely  at 
1520  cm"*  and  less  intensely  at  1579  cm"*.  The  silver  salt  of  2-iodo-5-phenylcyclohexanedione-l,3  absorbed 
intensely  in  the  region  1450-1490  cm"*.  Consequently,  the  enolate  anion  system  of  5-phenylcyclohexanedione-l,3 
absorbs  similarly  to  the  enolate  anion  of  dimedone.  The  extremely  intense  absorption  in  the  region  of  1500  cm“* 
apparently  is  explained  by  the  vibrations  of  greatly  deformed  C  =  C  and  C  =0  double  bonds  in  the  symmetrical 
enolate  anion  system,  which  can  be  expressed  by  the  formula  (XIX,  R  =  H),  where  5  »  6*  [11]. 
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In  the  literature  there  are  indications  of  absorption  in  the  near  region  of  the  anions  of  malonic  ester  (1666  cm"*'), 
acetoacetic  ester  (1662  cm"*),  and  acetylacetone  (1604  cm"*)  [12]:  Only  one  band  is  observed  with  an  elevated 
frequency  in  comparison  with  the  cyclohexanedione-1,3  system. 
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Characteristic  absorption  bands. 


Obviously  the  absorption  of  the  enolate  anion  system 
depends  greatly  on  the  distribution  of  the  electron  density 
in  it.  A  clear  example  of  this  is  the  enolate -betaines  of 
dimedone  and  5-phenylcyclohexanedione-l,3  which  were 
investigated.  The  phenyliodone  in  chloroform  solution 
absorbed  at  1564  cm"^,  the  iodone  at  1568  cm"^,  the 
pyridinium  betaine  (XIV)  at  1546  cm"*,  and  the  dimedone 
derivative  (XVI)  at  1539  cm"*.  Consequently,  a  shift 
takes  place  in  the  main  absorption  band  of  the  enolate 
anion  in  the  direction  of  higher  frequencies.  This  pheno¬ 
menon  is  caused  by  the  redistribution  of  the  electron 
density  in  the  direction  of  the  carbon  atom  under  the  in¬ 
fluence  of  the  positively  charged  substituent.  This  same 
cause  elicits  the  shift  of  the  absorption  maximum  in  the 
ultraviolet  spectra. 

In  reflecting  the  structure  of  the  enolate  anions  (XIX) 
it  must  be  kept  in  mind  that  the  ratios  of  the  partial, 
localized  charges  6  and  6*  may  be  different  depending  on 
the  structure  of  the  0  -dicarbonyl  compound,  the  nature  of 
the  substituent,  and  also  the  medium  (solidstate  or  various 
solvents),  but  26  +  6'  =  1  [13]. 

In  the  case  of  the  phenyliodone  in  the  solid  state  the 
enolate  anion  system  is  destroyed,  since  absorption  is 
observed  at  about  1606  cm"*,  which  may  be  caused  by 
dimerization  [14]. 

The  infrared  spectra  of  the  other  compounds  prepared 
also  were  investigated,  in  particular  those  of  the  iodonium 
salts  of  5-phenylcyclohexanedione-l,3,  the  pyridinium 
derivatives  of  5-phenylcyclohexanedione-l,3  and  dime- 
done,  and  the  phenyl  ethers  of  the  enol  forms  of  5-phenyl- 
cyclohex  a  nedione- 1,3  and  dimedone. 

In  all  the  derivatives  of  5-phenylcyclohexanedione- 
1,3  studied,  frequencies  of  extraplanar  vibrations  of  the 
five  hydrogen  atoms  of  the  phenyl  group  appeared  in  the 
ranges  690-710  and  750-772  cm"*.  In  the  iodonium 
derivatives  such  vibrations  of  the  QHsI'*^  group  appear  in 
the  ranges  675-678  and  722-744  cm"*. 

The  vibrations  of  the  five  hydrogen  atoms  of  the 
pyridinium  ring  appear  in  the  ranges  672-688  and  769-789 
cm'^.  For  some  pyridinium  derivatives  absorption  appears 
in  the  range  986-994  cm"*. 

In  the  enol  ether  derivatives  the  absorption  of  the 
aliphatic  ether  grouping  appears  in  the  range  1038-1058 
cm"*,  and  especially  intense  absorption  of  the  phenyl 
ethers  appears  in  the  range  1196-1233  cm"*.  In  the  boro- 
fluorides  the  absorption  is  masked  by  the  very  intense  band 
of  the  B— F  bonds  at  about  1040-1080  cm**. 

In  the  region  of  double  bonds,  as  usual,  vibrations 
of  the  carbonyl  groups  appeared  in  the  range  1620-1662 
cm"*,  those  of  the  enol  double  bond  in  the  range  1543-1628 
:m"*  (with  the  exclusion  of  the  enolate  anion  derivatives). 
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and  also  the  vibrationsof  the  double  bonds  of  the  phenyl  ring  (1482*1489  and  1589-1591  cm'*)  and  the  pyridinium 
ring  (1599-1629  cm"').  Definite  interpretation  of  the  bands  in  the  region  1580-1630  cm"'  of  the  enol  double  bond 
and  the  aromatic  rings  presented  difficulties.  The  interpretation  presented  in  the  table  is  based  on  comparison  of 
the  shifts  of  the  frequencies  of  the  enol  double  bond  under  the  influence  of  the  iodine  substituent. 

In  the  case  of  the  pyridinium  derivatives  consolidation  of  the  bands  of  the  double  bonds  into  one  band  was  often 
observed. 

The  absorption  of  the  pyridinium  derivatives  in  the  region  3030-3110  cm"',  which  characterizes  the  vibration 
of  the  =C~H  bond,  is  interesting.  These  frequencies  are  high  in  comparison  with  the  ordinary  pyridine  derivatives. 
Thus,  the  infrared  spectra  fully  confirm  the  structure  accepted  for  the  compounds  prepared  [15]. 

EXPERIMENTAL 

Phenyl-(5“phenylcyclohexanedion-l,3-yl-2)iodone  (II).  Nine  and  four  tenths  grams  of  5-phenylcyclohexane- 
dione-1,3  was  suspended  in  30  ml  of  chloroform, and  16.1  g  of  finely  ground  phenyl  iodosoacetate,  prepared  by  the 
method  of  Fox  and  Pausaker  [16],  was  added  gradually.  A  yellow  solution  was  obtained,  which  was  slowly  diluted  with 
150  ml  of  ether.  The  solution  gradually  thickened  to  a  white  mass,  which  was  filtered  after  12  hours  and  washed  well 
with  ether.  It  was  dried  in  vacuum  over  potassium  hydroxide.  Sixteen  grams  (82%)  of  the  phenyliodone  was  obtained 
with  m.p.  134*.  The  material  was  sufficiently  pure  for  all  further  conversions. 

The  compound  was  crystallized  from  anhydrous  alcohol  in  the  form  of  colorless,  very  thin,  long  needles. 

M.p.  139-140*  (decomp.).  The  phenyliodone  was  moderately  soluble  in  cold  alcohols  and  chloroform,  readily  so  in 
the  hot  solvents,  slightly  soluble  in  water,  and  insoluble  in  ether. 

Found  %:  I  32.99.  CwHijO,!.  Calculated  %:  I  32.52. 

IR  spectrum*  (solid  material):  696  (94),  755  (86,  phenyl), 676  (83),  722  (96),  992  (82,  iodonium  system),  1530 
(100,  enol  C  =C),  1606  (97,  carbonyl)  cm"'. 

2-Chloro-5-phenylcyclohexanedione-l,3  (III).  N  ine  tenths  gram  of  the  phenyliodone  was  covered  With  3  ml  of 
concentrated  hydrochloric  acid.  The  mixture  was  heated  and  a  yellowish,  semicrystalline  material  was  formed,  which 
was  filtered  off,  washed  with  water,  and  treated  with  a  solution  of  potassium  hydroxide  and  with  ether.  After  the 
ether  layer  had  been  removed,  the  solution  was  filtered  and  acidified.  Forty-four  hundredths  gram  (86%)  of  2-chloro- 
5-phenylcyclohexanedione-l,3  was  isolated  with  m.p.  194-195*.  The  compound  was  crystallized  from  acetic  acid  in 
the  form  of  lustrous  leaflets  with  m.p.  198-199*. 

Found  %:  Cl  16.09.  CiaHiPjCl.  Calculated  %:  Cl  15.95. 

1- lodo-2-phenoxy-4-phenylcyclohexan-A'**-one-6  (IV).  Three  and  nine  tenths  grams  of  the  phenyliodone 
and  10  ml  of  pyridine  were  boiled  for  15  minutes,  diluted  with  100  ml  of  water,  and  the  pyridine  and  iodobenzene 
were  steam  distilled  off.  The  residue,  a  brown  semicrystalline  mass,  was  crystallized  from  10  ml  of  acetic  acid. 

One  and  one  tenth  grams  (28%)  of  slightly  brownish  crystals  were  obtained  with  m.p.  153-155*. 

Found  %:  I  33.06.  Ci,HiP|I.  Calculated  %:  I  32.52. 

2- Phenoxy-4-phenylcyclohexan-A'»'-one-6  (V).  One  gram  of  compound  (IV)  was  boiled  with  10  ml  of  acetic 
acid  and  5  g  of  zinc  dust  for  1  hour.  The  solution  was  filtered  and  diluted  with  50  ml  of  water.  The  emulsion  that 
formed  gradually  crystallized.  Yield  0.48  g  (67%).  M.p.  94-96*.  From  dilute  alcohol  the  2-phenoxy-4-phenyl- 
cyclohexan-A^»*-one-6  crystallized  in  the  form  of  colorless  needles  with  m.p.  102-104*. 

Found  %:  C  82.33;  H  6.15.  CuHjeOj.  Calculated  %;  C  81.82;  H  6.07. 

Twenty -six  hundredths  gram  of  2-phenoxy-4-phenylcyclohexan-^**-one-6  was  dissolved  in  2  ml  of  methanol, 
and  3-4  drops  of  concentrated  hydrochloric  acid  were  added.  In  a  week  the  solution  was  diluted  with  water  and 
filtered.  The  precipitate  was  dissolved  in  alkali,  filtered,  and  acidified.  Thirteen  hundredths  gram  (69%)  of 
5-phenylcyclohexanedione-l,3  was  isolated  with  m.p.  188-189*.  A  mixture  with  a  known  sample  gave  no  depression 
in  melting  point. 


The  present  absorption  and  the  structures  to  which  the  frequencies  relate  are  given  in  parentheses. 
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epichlorohydrin,  was  added  20  ml  of  chloroform,  then  9.73  g  of  the  phenyliodone.  and  the  mixture  was  boiled  until 
a  homogeneous  solution  was  formed  and  then  was  cooled.  Two  ml  of  alcohol  and  50  ml  of  ether  were  added  and 
the  mixture  was  shaken  vigorously.  A  thick  oil  formed,  which  stuck  to  the  walls  of  the  container.  The  ether  was 
poured  off  .and  the  remainder  of  the  ether  was  removed  in  vacuum.  About  11  g  of  a  thick  mass  was  obtained,  which 
was  purified  by  dissolving  it  in  30  ml  of  anhydrous  alcohol  and  precipitating  with  90  ml  of  absolute  ether.  About  7  g 
of  a  thick  mass  was  obtained  which  was  used  for  the  further  reactions.  For  analysis,  this  material  was  again  precipi¬ 
tated  from  alcohol  with  ether  and  carefully  dried  in  vacuum.  Colorless  amorphous  powder  with  m.p.  SS~7(f. 

Found  %:  I  25.41.  CmHioO,BF4I.  Calculated  I  25.10. 

IR  spectrum;  699  (56),  765  (43,  phenyl),  675  (50),  739  (57),  986  (74,  iodonium  system),  1044  (87,  C-O  and 
B-F  bond),  1551  (90,  C  =C  bond),  1656  (68,  C  =0  bond)  cm'‘. 

Phenyl-<2-ethoxy-4-phenylcyclohexan- A^**-on-6-yl-l)iodonium  bromide  (XII,  X  =  Br).  Four  tenths  gram  of 
the  borofluoride  (XII,  X  =  BF4)  was  dissolved  in  5  ml  of  methanol, and  at  0*  50  ml  of  an  aqueous  solution  of  potassium 
bromide  was  added.  After  several  hours  the  mixture  was  filtered.  Yield  0.34  g  of  colorless  powder  with  m.p.  133-135* 
(decomp.).  It  was  crystallized  from  3  ml  of  anhydrous  alcohol.  Yellowish  crystals  gradually  separated  out.  M.p.  140- 
141*  (decomp.). 

Found  %:  I  25.54.  CjoHjoOjBrl.  Calculated  I  25.45. 

IR  spectrum;  701  (42),  765  (28,  phenyl),  677  (39),  744  (37),  989  (24,  iodonium  system),  1038  (39,  C-O  bond), 
1543  (94,  C  =C  bond),  1620  (68,  C  =0  bond)  cm"*. 

N  -(2-Ethoxy-4-phenylcyclohexan-A^**-on-6-yl-l)pyridinium  borofluoride  (Xni).  T o  six  and  four  tenths  grams 
of  the  borofluoride  (XU,  X  =  BF4)  was  added  10  ml  of  anhydrous  pyridine.  The  mixture  was  heated  and  a  homogeneous 
solution  gradually  formed.  After  several  hours  the  solution  was  diluted  with  100  ml  of  ether  and  was  vigorously  shaken. 
The  ether  was  poured  off, and  the  remainder  of  the  ether  was  removed  in  vacuum  from  the  oil  that  had  separated  out. 
Four  grams  of  a  semicrystalline  mass  was  obtained,  which  was  crystallized  from  40  ml  of  alcohol.  Colorless  needles 
with  m.p.  168-170*.  Yield  2.4  g(5(/7o).  After  repeated  crystallization  the  m.p.  was  170-171*. 

Founder  N  6.32;  BF4  22.51.  C19H10O1NBF4.  Calculated  ^o:  N  3.68;  BF4  22.83. 

IR  spectrum;  703  (72),  769  (75,  phenyl),  680  (76),  786  (30,  pyridinium),  1045-1078  (100,  C— O  and  B— F  bonds), 
1613  (100,  double  bonds  of  enol  and  pyridinium),  1662  (97,  C  =0),  3058  and  3110  (C— H  of  pyridinium)  cm’^. 

N-(5-Phenylcyclohexanedion-l,3-yl-2-)pyridinium  enolate -betaine  (XIV),  a)  To  one  and  fifty -two  hundredths 
grams  of  the  borofluoride  (XIU)  was  added  30  ml  of  water,  then  2  ml  of  concentrated  hydrochloric  acid,  and  the 
mixture  boiled  for  45  minutes.  Two  grams  of  sodium  hydroxide  was  added.  Yellow  crystals  gradually  separated  out. 
Yield  0.68  g  (57%)  with  m.p.  202-204*.  After  repeated  crystallization  from  water  the  melting  point  did  not  change. 
The  compound  crystallized  with  2  molecules  of  water. 

b)  Five  tenths  gram  of  2-bromo-5-phenylcyclohexanedione-l,3  was  boiled  for  15  minutes  with  5  ml  of 
pyridine.  The  mixture  was  cooled  and  25  ml  of  ether  was  added.  The  precipitate  was  filtered  off  and  crystallized 
from  water.  Yield  0.24  g  (45%)  of  yellow  material  with  m.p.  202-204*. 

Found  %:  N  4.62;  H,0  12.26.  CnHigOjN  •  2H jO .  Calculated  %:  N  4.65;  H,0  11.98. 

The  anhydrous  compound  was  a  dark  yellow  powder  with  m.p.  202-204*. 

Found  %:  N  5.33.  CnHjjOjN.  Calculated  %:  N  5.28. 

IR  spectrum;  699  (71),  765  (81,  phenyl),  676  (74),  686  (81),  784(58,  pyridinium),  1530(100,  enolate  anion), 
1602  (64,  pyridinium  double  bond),  3030  and  3110(C— H  bonds  of  pyridinium)  cm”^. 

The  perchlorate  of  the  enolate-betaine  was  obtained  by  crystallization  of  the  compound  from  dilute  perchloric 
acid.  Colorless  crystals  with  m.p.  250-251'  (decomp.). 

Found  %:  N  3.64.  CigHigOeNCl.  Calculated  %:  N  3.83. 

IR  spectrum;  703  (61),  764  (78,  phenyl),  679  (81),  779  (50,  pyridinium),  1032  (98),  1125  (96,  CIO4),  1603  (51), 
1622  (77,  double  bonds  of  enol  and  pyridinium),  1661  (100,  C  =0),  3054  (C— H  bonds  of  pyridinium)  cm"^. 
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N-(2-EthoxY-4.4-dimethylcyclohexan-A*«*-on-6-vl-l)  borofluoride  (XVIII,  X  =  BFi).  Twenty -one  and  nine 
tenths  grams  of  the  borofluoride  (XVII)  was  stirred  with  15  ml  of  pyridine  at  2(f  for  10  hours;  the  crystals  were  separa¬ 
ted  off  and  washed  with  alcohol  and  ether.  Yield  13  g(73flt).  M.p.  134-140*  (at  120’  there  was  partial  melting).  In 
some  other  experiments  we  obtained  crystals  which  melted  completely  at  120”.  After  crystallization  from  alcohol 
die  m.p.  was  120-121*.  Colorless  prismatic  crystals. 

Found  N  5.38,  5.75,  4.95;  BF/  25.85.  CuHmO,NBF4.  Calculated*^;  N  4.20;  BF4"  26.13. 

IR  specuum;  686  (81),  776  (47),  712(39,  pyridinium),  1033-1069  (100,  C-O  and  B-F  bonds),  1616  (95, 
double  bonds  of  enol  and  pyridinium),  1662  (85,  C  =0),  3040  and  3096  (C~H  bonds  of  pyridinium)  cm"*. 

The  perchlorate  (XVIII,  X  =  CIO4)  was  isolated  from  aqueous  solurions  of  the  borofluoride  after  the  addition  of 
perchloric  acid  in  the  form  of  a  less  soluble  precipitate.  Crystals  with  m.p.  140-141*. 

Founder  N  5.32,  4.93,  5.48;  CIO4"  28.47.  CuHjoOjNCl.  Calculated  N  4.05;  C104"  28.80. 

IR  spectrum;  682(79),  775(85),  710  (39,  pyridinium),  1058  (98,  C-O  bond),  1077-1107  (100,  CIO4),  1614(100), 
1625  (93,  double  bonds  of  enol  and  pyridinium),  1658  (95,  C  =0),  3060  and  3110  (C— H  bonds  of  pyridinium)  cm"*. 

N  -(Dimedonyl-2)pyridinium  enolate-betaine  (XVI).  Ten  grams  of  the  borofluoride  (XVin,  X  =BF4)  was  wet 
with  5  ml  of  concentrated  hydrochloric  acid  and  heated  on  a  boiling  water  bath  for  3  hours.  The  mixture  was  cooled, 
10  ml  of  water  and  10  g  of  potassium  carbonate  were  added,  and  all  was  shaken  with  dichloroethane  or  chloroform 
(twice  with  200-ml  portions).  After  the  solvent  had  been  distilled  off,  5.5  g  (85*70)  of  yellow  needles  was  obtained. 

M.p.  194-196*.  After  crystallization  from  a  mixture  of  anhydrous  alcohol  and  ether,  the  betaine  melted  at  197-198*. 

Found  *^;  N  6.64,  6.39.  CijHijOiN.  Calculated  *7o;  N  6.45. 

IR  spectrum;  688  (59),  789  (55,  pyridinium),  1544  (100,  enolate  anion),  1600  (40),  1620  (32,  double  bonds  of 
pyridinium),  3050  and  3100  (C— H  bonds  of  pyridinium)  cm”*. 

When  the  betaine  was  recrystallized  from  a  mixture  of  alcohol  and  moist  ether,  the  dihydrate  was  obtained 
in  the  form  of  light  yellow  needles.  M.p.  88-90*. 

Found  *7>;  N  5.39,  6.05.  CisHuOjN  •  2H2O.  Calculated  *7o;  N  5.53. 

The  perchlorate  was  obtained  by  adding  perchloric  acid  to  an  aqueous  solution  of  the  betaine.  From  a  mixture 
of  anhydrous  alcohol  and  ether  the  compound  crystallized  in  the  form  of  light  yellow  prisms.  M.p.  182-184*. 

Found  *7>;  N  4.93.  CnHijOeNCl.  Calculated  *7>;  N  4.41. 

IR  spectrum;  682  (741,  777  (58,  pyridinium),  1090-1110  (100,  CIO4),  1619  (75),  1629  (80,  double  bonds  of  enol 
and  pyridinium),  1655  (72,  C  =  O),3045  and  3100  (C— H  bonds  of  pyridinium)  cm"*. 

SUMMARY 

1.  5-Phenylcyc  tohexanedione-1,3  reacts  easily  with  phenyl  iodosoacetate  to  form  an  iodonium  compound  of 
the  enolate-betaine  type  —  a  phenyliodone. 

2.  The  phenyliodone  is  capable  of  cleavage  with  the  rupture  of  the  carbon-iodine  bond  in  two  directions 
depending  on  the  nature  of  the  attacking  reagent. 

3.  The  phenyliodone  is  easily  acylated  and  alkylated,  forming  iodonium  salts  that  are  difficult  to  crystallize 
and  slightly  stable. 

4.  The  iodonium  salts  of  the  5-phenylcyclohexanedione-l,3  series  and  of  dimedone  are  easily  cleaved  in  the 
presence  of  pyridine,  with  the  formation  of  the  corresponding  pyridinium  derivatives. 

5.  The  enolate-betaines  of  5-phenylcyclohexanedione-l,3  and  of  dimedone  which  were  prepared  were 
investigated  by  specual  methods, and  the  relationship  of  the  fine  structure  of  the  enolate  anions  to  structural  factors 
was  shown 
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The  present  communication  concerns  the  synthesis  of  N-dichlorodiethyl  derivatives  of  benzo-  and  methoxy 
benzocycloheptylamines-5  for  the  purpose  of  investigating  their  biological  properties. 
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The  synthesis  of  these  compounds  was  carried  out  by  a  scheme  adopted  by  us 
for  the  preparation  of  bis(6 -chloroethyl)amines  of  the  indan  series  [1]:  By  the  cycli- 
zation  of  aliphatic -aromatic  acids,  in  this  case  phenylvaleric  acids  or  their  acid 
chlorides,  bicyclic  ketones  are  obtained,  the  oximes  of  which  are  reduced  with  the  aid 
of  lithium  aluminum  hydride  or  aluminum  amalgam  to  amines;  from  the  latter  the 
bis-6 -hydroxyethyl  derivatives  are  prepared,  and  then  the  hydroxyls  are  replaced  by 
chlorine  atoms. 


We  prepared  6-(m-methoxyphenyl)valeric  acid,  which  has  not  been  described  in  the  literature,  by  the  conversion 
of  the  condensation  product  of  m-methoxybenzaldehyde  with  the  diester  of  ethylidenemalonic  acid  as  recommended 
[2]  for  the  preparation  of  the  isomeric  o-  and  p-methoxyphenylvaleric  acids. 

Cyclization  of  the  phenyl-  and  methoxyphenylvaleric  acids  was  carried  out  with  the  aid  of  polyphosphoric  acid 
or  under  the  conditions  of  the  Friedel -Krafts  reaction.  The  formation  of  the  seven-membered  ring  took  place  with 
more  difficulty  than  the  cyclization  of  phenylpropionic  acids  to  compounds  with  a  five-membered  ring.  When 
m -methoxyphenylvaleric  acid  was  cyclized,  which  can  take  place  in  both  the  ortho  and  the  para  position  in  the 
benzene  ring  with  relation  to  the  methoxy  group,  we  isolated  only  one  ketone,  while  when  m-methoxyphenylpro- 
pionic  acid  is  cyclized,  two  ketones  are  formed  [2],  and  moreover  the  predominant  direction  of  the  reaction  is 
closing  of  the  ring  in  the  position  para  to  the  methoxy  group. 

We  did  not  determine  the  structure  of  the  ketone  which  we  isolated;  however,  the  data  on  the  cyclization  of 
m-methoxyphenylpropionic  acid  permit  the  assumption  by  analogy  that  the  cyclization  of  m -methoxyphenylvaleric 
acid  took  place  in  the  position  para  to  the  methoxy  group,  and  that  the  ketone  isolated  by  us  was  2-methoxycyclo- 
heptanone-5. 


Like  other  investigators  [2],  we  were  not  able  to  cyclize  p-methoxyphenylvaleric  acid.  It  is  pertinent  to 
recall  that  it  is  possible  to  carry  out  a  similar  reaction  with  p-methoxyphenylpropionic  acid  by  selecting  certain 
conditions,  and  to  obtain  the  corresponding  ketone  in  good  yield. 

The  preparation  from  bicyclic  amines  of  their  hydroxyethyl  and  chloroethyl  derivatives  was  carried  out  under 
the  usual  conditions,  and  5-bis(  6-chloroethyl)aminobenzocycloheptane  was  isolated  in  the  form  of  the  hydrochloride. 

From  2-methoxy-5-aminobenzocycloheptane  we  were  able  to  obtain  only  the  dihydroxyethyl  derivative; 
experiments  on  the  replacement  of  the  hydroxy  groups  with  chlorine  were  unsuccessful,  since  cleavage  of  the  mole¬ 
cule  occuned  and  di(  6-chloroethyl)amine  was  produced. 


EXPERIMENTAL 

5-Aminobenzocycloheptane  (I),  a)  To  5.27  g  of  lithium  aluminum  hydride,  suspended  in  118  ml  of  absolute 
ether,  was  added  with  stirring  a  solution  of  5.43  g  of  the  oxime  of  benzocycloheptanone-5  [4]  with  m.p.  108-109” 


in  a  mixture  of  79  ml  of  absolute  ether  and  33  ml  of  anhydrous  benzene,  and  the  mixture  was  heated  at  boiling  for 
7  hours.  Then  die  reaction  mixture  was  cooled  and  21  ml  of  water  was  added  dropwise  at  such  a  rate  that  quiet 
boiling  was  maintained.  The  mixture  was  filtered,  the  ether  was  distilled  off,  and  the  residue  was  distilled  in  vacuum. 
Yield  4.3  g  (78%),  b.p.  100-106*  at  3-5  mm. 

b)  To  15  g  of  aluminum  amalgam  in  100  ml  of  absolute  ether  was  added  3.5  g  of  the  oxime  of  benzocyclo- 
heptanone-5  in  50  ml  of  absolute  ether.  The  reaction  mixture  was  heated  at  boiling  for  30  minutes, and  40  ml  of 
water  was  added  dropwise  in  the  course  of  9  hours.  The  ether  layer  was  separated  and  dried;  the  ether  was  removed, 
and  the  residue  was  distilled  in  vacuum.  B.p.  133-136*  at  13-14  mm;  142-143*  at  22-23  mm;  the  material  avidly 
absorbed  carbon  dioxide. 

The  hydrochloride  of  5-aminobenzocycloheptane  formed  colorless  crystals  from  anhydrous  alcohol  on  the 
addition  of  a  small  amount  of  ether;  m.p.  267-270*  (decomp.). 

Found  %:  C  66.85;  H  8.35;  Cl  18.45.  CnHjgN'HCl.  Calculated  %:  C  66.83;  H  8.10;  Cl  17.97. 

5-Bis(0  -hydroxyethyl)aminobenzocycloheptane  (I).  A  mixture  of  11.5  g  of  5-aminobenzocycloheptane  (I)  and 
7.5  ml  of  ethylene  oxide  was  heated  in  a  sealed  tube  for  4-5  hours  at  130-140*.  A  thick  oily  material  was  obtained, 
which  was  readily  soluble  in  benzene,  chloroform,  alcohol,  and  more  difficultly  soluble  in  ether.  B.p.  240-250*  at 
15-17  mm.  Yield  15  g  (84.5%). 

The  hydrochloride  of  5-bis(B -hydroxyethyl)aminobenzocycloheptane  was  a  colorless  crystalline  powder, 
soluble  in  alcohol  and  in  water,  insoluble  in  ether;  m.p.  111-112*  (from  alcohol). 

Found  %:  C  62.67;  H  8.38;  N  4.85;  Cl  12.30.  CisHijOtN* HCl.  Calculated  %:  C  63.00;  H  8.40;  N  4.90; 

Cl  12.43. 

5- Bis( 0  -chloroethyl)aminobenzocycloheptane  hydrochloride  (III).  A  mixture  of  26.8  g  of  the  amine  (II), 

25  ml  of  anhydrous  chloroform,  and  46  ml  of  thionyl  chloride  was  stirred  at  room  temperature  for  3  hours  and  then  left 
to  stand  overnight.  The  solvent  and  the  excess  thionyl  chloride  were  removed.  The  residue  was  washed  with  absolute 
ether  and  crystallized  from  an  anhydrous  mixture  of  benzene  and  alcohol;  m.p.  147.5-148.5*. 

Found  %:  C  55.90;  H  6.76;  N  4.36;  Cl  33.10.  CisHjjNClj  * HCl.  Calculated  %:  C  55.81;  H  6.82;  N  4.34;  Cl 

33.02. 

6- (p-Methoxyphenyl)valeric  acid.  6-(p-Methoxyphenyl)valeric  acid,  which  has  been  described  in  the  liter¬ 
ature  [5,  6],  was  prepared  by  us  by  the  reduction  by  Clemmensen’s  method  of  anisoylbutyric  acid,  which  is  easily 
produced  by  condensation  of  anisole  with  glutaric  anhydride  [7]. 

A  mixture  consisting  of  16  g  of  y  -(p-methoxybenzoyl)butyric  acid,  amalgamated  zinc  from  75  g  of  granulated 
zinc,  7.5  g  of  mercuric  chloride  in  125  ml  of  water,  110  ml  of  toluene,  110  ml  of  glacial  acetic  acid,  and  110  ml  of 
concentrated  hydrochloric  acid  was  heated  at  boiling  for  36  hours,  with  the  addition  every  3-4  hours  of  10-15  ml  of 
concentrated  hydrochloric  acid.  After  the  usual  treatment,  13  g  of  the  acid  was  obtained  with  m.p.  113-114*. 

6-(p-Methoxyphenyl)valeryl  chloride  was  prepared  by  heating  the  acid  with  thionyl  chloride  in  chloroform 
solution;  b.p.  143-145*  at  3  mm. 

Found  %:  C  63.35;  H  6.68;  Cl  15.49.  CuHigOjCl.  Calculated  %:  C  63.66;  H  6.62;  Cl  15.67. 

m-Methoxycinnamylidenemalonic  acid.  Three  and  four  tenths  grams  of  m-methoxybenzaldehyde  was 
gradually  added  to  8  g  of  diethyl  ester  of  ethylidenemalonic  acid  in  17  ml  of  anhydrous  alcohol.  To  the  mixture 
obtained  was  added  dropwise  with  stirring  26  ml  of  50%  choline  solution  in  anhydrous  methanol.  Slight  warming 
of  the  mixture  was  observed  (35-40").  The  reaction  mixture  was  stirred  until  it  cooled  to  room  temperature  and 
then  left  to  stand  for  48  hours.  After  this  time  the  solution  took  on  a  red  color.  To  it  was  added  120  ml  of  water  .and 
the  mixture  obtained  was  refluxed  on  a  water  bath  for  1  hour.  Upon  cooling,  40  ml  of  dilute  hydrochloric  acid  (1:  1) 
was  added  and  the  mixture  was  left  to  stand  overnight  at  5*.  The  yellow  precipitate  that  separated  out  was  recrystal- 
lized  from  methanol.  Five  and  five  tenths  grams  (88.6%)  of  dicarboxylic  acid  was  obtained  with  m.p.  200-201*. 

Found  %:  C  63.05;  H  4.96.  CuHizOg.  Calculated  %:  C  62.90;  H  4.84. 

6-(m-Methoxyphenyl)valeric  acid  (IV).  Ten  grams  of  m-methoxycinnamylidenemalonic  acid  was  dissolved 
in  500  ml  of  alcohol, and  the  solution  obtained  was  shaken  with  0.5  g  of  platinic  oxide  in  a  hydrogen  atmosphere  at 


room  temperature.  The  theoretically  necessary  amount  of  hydrogen  was  absorbed  in  15*20  minutes.  The  catalyst  was 
filtered  off  and  the  solvent  was  removed  in  vacuum.  An  oily  material  remained,  which  lost  CO}  both  on  distillation 
in  vacuum  and  on  heating  for  5  hours  with  10  times  its  amount  of  anhydrous  pyridine.  Six  and  five  tenths  grams 
(77.7%)  of  6-(m-methoxyphenyl)valeric  acid  was  obtained  with  b.p.  170-175*  at  2  mm. 

Found  %:  C  69.35;  H  7.55.  CnHnO,.  Calculated  %:  C  69.20;  H  7.69. 

2-Methoxybenzocycloheptanone-5  (V).  To  the  polyphosphoric  acid  prepared  from  144  ml  of  phosphoric  acid 
and  216  g  of  PfOi  was  added  15  g  of  the  acid  (IV)  at  70*  with  stirring.  The  mixture  obtained  was  stirred  at  the  same 
temperature  for  another  30  minutes,  then  was  cooled  and  poured  into  such  an  amount  of  15%  sodium  carbonate 
solution  that  the  reaction  of  the  newly  obtained  mixture  was  weakly  alkaline.  On  standing, an  oily  material 
separated  out.  which  gradually  solidified.  After  recrystallization  of  it  from  alcohol,  11  g  of  material  was  obtained 
with  m.p.  54-56*. 

Found  %:  C  75.62;  H  7.41.  CkHi/),.  Calculated  %;  C  75.78;  H  7.37. 

2-Methoxybenzocycloheptanone-5  oxime  (VI).  To  a  solution  of  11.3  g  of  the  ketone  (V)  in  500  ml  of  alcohol 
was  added  with  stirring  4.73  g  of  hydroxylamine  hydrochloride;  after  the  addition  of  the  salt,  the  mixture  obtained 
was  stirred  without  heating  until  the  hydroxylamine  salt  had  completely  dissolved,  with  the  gradual  addition  of  7.6  g 
of  barium  carbonate.  The  reaction  mixture  was  heated  at  boiling  for  5  hours.  After  the  precipitate  had  been 
separated,  the  alcohol  was  partially  removed  and  the  remaining  mixture  diluted  with  water;  the  oxime  which  pre¬ 
cipitated  melted  after  recrystallization  at  122-124* ;  yield  10.3  g(84.5%). 

Found  %:  C  70.26,  70.25;  H  7.45,  7.46;  N  6.66,  6.52.  CitHijOjN.  Calculated  %:  C  70.24;  H  7.31;  N  6.83. 

2-Methoxy“5-aminobenzocycloheptane  (VII).  T en  and  four  tenths  grams  of  the  oxime  (VI)  dissolved  in  450  ml 
of  absolute  ether  was  added  to  40  g  of  amalgamated  aluminum  turnings.  The  mixture  obtained  was  stirred  at  the 
boiling  point  of  the  ether  for  30  minutes,  after  which  100  ml  of  water  was  added  dropwise  over  the  course  of  8  hours 
with  continuous  boiling  of  the  ether.  The  reaction  mixture  was  left  to  stand  overnight.  After  the  usual  treatment 
and  distillation  of  the  material  in  vacuum,  7.35  g  of  amine  (VII)  was  obtained  in  the  form  of  an  oily  material  with 
b.p.  141-143*  at  4-5  mm,  which  avidly  absorbed  CO|. 

2-Methoxy-5-aminobenzocycloheptane  hydrochloride  was  a  colorless  crystalline  powder  with  m.p,  252-254* 
(from  alcohol). 

Found  %:  C  62.93;  H  8.02;  N  6.02;  Cl  14.98.  Ci}Hif)N  •  HCl.  Calculated  %:  C  63.29;  H  7.91;  N  6.15; 

Cl  15.60. 

2-Methoxy-5-bis(  6-hydroxyethyl)aminobenzocycloheptane  hydrochloride  (VIII).  Seven  and  four  tenths  grams 
of  the  amine  (VII)  and  4  ml  of  ethylene  oxide  were  heated  in  a  sealed  tube  for  4  hours  at  140*.  The  reaction  mixture 
obtained  was  dissolved  in  ether  .and  the  ether  solution  was  acidified  with  an  ether  solution  of  hydrogen  chloride.  A 
colorless  crystalline  material  precipitated,  which  was  soluble  in  water  and  alcohol;  m.p.  125-130*. 

Found  %:  C  60.18  ;  H  8.03;  N  4.46;  Cl  11.12.  CwHsOjN  •  HC 1.  Calculated  %:  C  60.85;  H  8.26;  N  4.43; 

Cl  11.20. 

SUMMARY 

1.  5-Bis(6 -chloroethyl)aminobenzocycloheptane  has  been  synthesized. 

2.  A  series  of  compounds  not  described  in  the  literature  which  are  intermediate  compounds  in  the  synthesis 
of  bis(8 -chloroethyl)-aminobenzocycloheptane  and  its  2-methoxy  derivatives  has  been  prepared. 

3.  It  has  been  established  that  in  methoxy-5-(6 -chloroethyl)aminobenzocycloheptane  the  bond  between  the 
nitrogen  atoms  and  the  carbon  ring  is  not  stable. 
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LXV.  SYNTHESIS  OF  ESTERS  OF  DIALKYLTHIQBORIC  ACIDS 
BY  THE  ACTION  OF  MERCAPTANS  ON  TRIALKYL  BORONS 
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We  have  shown  previously  [1-3]  that  the  reaction  of  the  higher  trialkyl  borons  with  compounds  containing  a 
labile  hydrogen  atom  (water,  alcohols,  amines,  n-butylmercaptan,  thiophenol,  hydrazine,  and  phenylhydrazine)  is 
accompanied  by  the  splitting  out  of  a  saturated  hydrocarbon  or  a  mixture  of  saturated  and  unsaturated  hydrocarbons 
and  hydrogen  and  the  formation  of  the  corresponding  oxygen-,  nitrogen-,  or  sulfur-containing  organoboron  compounds. 
Moreover,  the  reaction  of  the  trialkyl  borons  with  the  mercaptans  takes  place  the  most  readily,  starting  at  room 
temperature  and  being  accompanied  by  strong  heating  of  the  reaction  mixture.  The  esters  of  dialkylthioboric  acids 
obtained  as  a  result  of  the  reaction  react  with  great  ease  with  alcohols  [4],  amines  [4],  ammonia  [4],  hydrazine  [4,  5], 
phenylhydrazine  [4,  5],  hydrogen  sulfide  [6],  hydrocyanic  acid  [6],  and  N -phenyl -N’ -dialky Iborylhydrazine  [5]. 

In  this  communication  we  present  the  results  of  an  investigation  of  the  reactions  of  trialkyl  borons  with  ediyl 
mercaptan,  n-propyl  mercaptan,  and  thiophenol,  the  conversion  of  the  esters  of  dialkylthioboric  acids  under  the 
influence  of  alcohols,  and  also  the  reactions  of  trialkyl  borons  with  alcohols  in  the  presence  of  catalytic  amounts  of 
mercaptans. 


When  ethyl  mercaptan  or  n-propyl  mercaptan  acts  on  triethyl-  or  tri-n-propylboron,  the  corresponding  esters  of 
the  dialkylthioboric  acids  (I)  and  saturated  hydrocarbons  are  formed.  The  reaction  starts  at  room  temperature  and  is 
accompanied  by  spontaneous  heating;  to  complete  the  process,  short  heating  of  the  reaction  mixture  at  110-160^  is 
required. 


Rsll  +  R'SH  - -> 


R,B  ^  J 

R  =  c,H.,  n-CjH,: 
H'  =  C,H„  n-C,H,. 


RzBSR'  +  Rll, 
(I) 


Carrying  out  the  reaction  by  adding  the  mercaptan  to  the  trialkyl  borons  heated  to  150*  leads  to  the  formation 
of  small  amounts  (up  to  10%)  of  hydrogen  and  unsaturated  hydrocarbon  [1]. 

The  reaction  of  thiophenol  with  tri-n-butyl  boron,  which  leads  to  the  formation  of  the  phenyl  ester  of  di-n- 
butylboric  acid,  proceeds  in  a  manner  similar  to  the  reaction  with  tri-n-propyl  boron  [1].  It  starts  at  a  higher 
temperature  (5(f)  and  is  accompanied  by  the  formation  not  only  of  saturated  hydrocarbon  (n-butane),  but  also  of 
slight  amounts  of  hydrogen  and  unsaturated  hydrocarbon  (butene). 

(  n-QI^aB  +  r.-iUsSlI  —  (  n-r4U8)2BC6H5  +  n-C4Hio4  C4H8+H2. 

The  formation  of  gaseous  products  of  different  composition  in  the  reaction  of  the  trialkyl  borons  and  com¬ 
pounds  with  a  labile  hydrogen,  in  particular  with  the  mercaptans  and  thiophenyl,  is  explained  by  the  previously 
I^oposed  mechanism  for  the  course  of  the  process  [1]: 


HjO  f  R'YH 


*  R3B 


IRaBYR'l-H*  — ►  R,BYR'  +  RH 

/  (III) 

“x 

BjB  < —  Y^  R  (olefin) 

I  (IV) 

H 

R  =  alkyl 

Y  =  S,0.  NR 

R*  =  H,  Alkyl,  Aryl 

RjBYR'  f 

According  to  this  mechanism,  in  the  first  stage  of  the  reaction  a  complex  compound  of  the  trialkyl  boron  with 
some  other  addend  (II)  is  formed.  The  further  behavior  of  the  complexes  (II)  is  determined  mainly  by  the  nature  of 
the  addend  and  to  a  lesser  extent  by  the  size  and  structure  of  the  hydrocarbon  radicals  attached  to  the  boron  atom. 

In  the  complex  compound  of  the  trialkyl  boron  with  a  mercaptan  the  polarization  of  the  donor -acceptor  bond 
in  the  direction  of  the  boron  atom  (II)  occurs  to  such  an  extent  that  the  complex  proves  to  be  capable  of  dissociating 
at  room  temperature.  In  the  dissociated  boronium  acid  that  is  formed  (III),  heterolytic  rupture  of  the  boron-carbon 
bond  occurs  and  the  carbonium  ion,  combining  with  a  proton,  forms  a  saturated  hydrocarbon. 

The  easy  rupture  of  the  boron -carbon  bond  in  the  boronium  acids  has  been  observed  in  our  laboratory  repeatedly. 
Thus,  when  the  lithium  salt  of  diphenyldiisobutoxyboronium  acid  is  acidified  [7],  the  ester  of  phenylboric  acid  is 
predominantly  formed;  the  diphenylarylisobutoxyboronium  acid  is  converted  to  the  ester  of  the  diphenylboric  acid 
[8],  and  the  alkylphenylchloroboronium  acids  decompose  with  the  formation  of  alkylboric  acids  along  with  alkyl- 
phenylboric  acids  [9], 

In  the  complex  of  trialkyl  boron  widi  diiophenol  the  electronegative  phenyl  radical  decreases  the  shift  of  the 
negative  charge  in  the  direction  of  the  boron  atom,  as  a  result  of  which  the  tendency  of  the  complex  to  dissociation 
with  the  formation  of  the  boronium  acid  (III)  is  decreased.  As  a  result  of  this  the  conversion  of  the  complex  takes 
place  at  a  higher  temperature,  which  promotes  not  only  its  dissociation  and  the  subsequent  conversion  to  the  ester  of 
the  dialkylthioboric  acid  and  saturated  hydrocarbon,  but  also  direct  composition  with  the  elimination  of  olefin 
hydrocarbon. 

This  second  direction  of  the  reaction,  which  leads  in  the  final  event  also  to  the  formation  of  the  ester  of  the 
dialkylthioboric  acid,  unsaturated  hydrocarbon,  and  hydrogen,  is  most  clearly  expressed  in  the  conversions  of  the 
trialkyl  borons  with  oxygen  compounds  (water,  alcohols)  and  nitrogen  compounds  (amines,  hydrazine)  which  have  a 
labile  hydrogen  atom. 

The  oxygen  and  nitrogen-containing  addends,  which  have  more  electronegative  hetero  atoms  than  the  mercap- 
tans,  form  complexes  with  the  trialkyl  borons  with  less  polarized  donor -acceptor  bonds,  as  a  result  of  which  the 
capacity  of  such  complexes  for  protonization  is  lowered  still  more  than  in  the  complexes  with  thiophenol.  The 
complex  compounds  with  oxygen  and  nitrogen  addends  undergo  conversion  only  at  160-200*,  and  the  prevailing 
direction  of  their  decomposition  is  the  elimination  of  olefin  hydrocarbon. 

Thanks  to  the  inductive  effect  of  the  negatively  charged  boron  atoms,  polarization  of  the  bonds  in  the  hydro¬ 
carbon  radical  takes  place,  facilitating  the  splitting  out  of  a  hydride  ion  (H~)  from  the  d  -carbon  atom.  This  act, 
which  is  accompanied  by  heterolytic  rupture  of  a  boron -carbon  bond  and  migration  of  the  hydride  ion  to  the  boron 
atom,  leads  to  the  elimination  of  olefin  hydrocarbon  (the  so-called  B  -decomposition  of  heteroorganic  compounds)  and 
the  formation  of  a  complex  of  the  dialkylborane  with  the  addend  (IV). 

H 

.  f 

^  B  -^C-^C-R 
f  H  H 
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The  complexes  of  the  dialkylboranes  (IV)  easily  decompose  with  the  evolution  of  hydrogen  and  the  formation 
of  compounds  of  the  type  R^BYR*. 

The  process  which  we  investigated  of  splitting  out  olefin  hydrocarbon  in  reactions  of  the  trialkyl  borons  with 
various  compounds  containing  labile  hydrogen  is  observed  also  when  the  individual  trialkyl  borons  are  heated  [10].  It 
has  been  found  [1]  that  the  splitting  out  of  olefins  takes  place  more  readily  in  complexes  of  compounds  of  the  trialkyl 
borons  with  tertiary  amines  than  in  free  trialkyl  borons.  Thus,  the  splitting  out  of  butene  when  the  pyridinate  of  tii-n- 
butyl  boron  is  thermally  decomposed  (180*)  is  fully  completed  in  6  hours,  while  tri-n-butyl  boron  undergoes  a  similar 
conversion  only  as  a  result  of  ten  days  heating  at  the  same  temperature  [10]. 

The  process  of  elimination  of  olefins  in  the  thermal  decomposition  of  the  trialkyl  borons  is  affected  by  the 
structure  of  the  radicals  connected  with  the  boron  atom.  From  the  data  obtained  previously  [1]  it  follows  that  the 
alkyl  groups  can  be  arranged  in  the  following  order  with  respect  to  the  ease  of  splitting  out  olefins,  which  can  be 
Judged  by  the  ratio  of  the  saturated  and  unsaturated  hydrocarbons  formed: 

iso~C4H9  >  n~G4H|  >  iso~C3Hf  . 

The  arrangement  of  the  alkyl  groups  in  the  indicated  order  is  associated  with  the  presence  and  the  number  of 
hydrocarbon  radicals  on  the  B -carbon  atom,  which  because  of  their  positive  inductive  effect  facilitate  the  splitting 
off  of  the  hydride  ion  (H")  from  the  6 -carbon  atom. 

When  onium  compounds,  for  example  sulfonium  [11],  decompose,  the  reverse  order  is  observed  for  the  alkyl 
groups  with  respect  to  the  ease  of  splitting  out  olefin,  since  in  this  case  a  proton  is  split  off  from  the  6  -carbon  atom, 
and  the  inductive  effect  of  the  radicals  hinders  this  process. 

The  esters  of  the  dialkylthioboric  acids  on  heating  with  alcohols  are  converted  to  esters  of  dialkylboric  acids. 

In  this  way  it  is  possible  to  synthesize  even  the  difficultly  available  methyl  esters  RcBOCH}  [4].  By  heating  the 
n-butyl  ester  of  di-n-propylthioboric  acid  with  n-butyl  alcohol  we  prepared  the  n-butyl  ester  of  di-n-propylboric  acid. 

(n -C3H7)2BSC4H9-n  -f  n -04119011  --►  (  n -C3H7)2BOC4H9-n  -l-n-C4H9SH. 

The  process  is  not  complicated  by  side  reactions,  as  is  the  case  in  the  alcoholysis  of  esters  of  di-2-(methyl- 
diethybilylethyl)thioboric  acid,  where,  as  a  result  of  cleavage  of  the  boron -carbon  bond,  the  ester  of  2 -methyl - 
diethylsilylethylboric  acid  is  obtained  as  well  as  the  ester  of  di-2-(methylethylsilylethyl)boric  acid  [12]. 

The  tendency  of  the  trialkyl  borons  to  react  with  mercaptans  at  high  temperature  and  the  high  reactivity  of 
the  esters  of  dialkylthioboric  acids  which  are  produced  can  be  utilized  for  the  synthesis  of  various  compounds  of  the 
type  RfBYR'  from  trialkyl  borons  and  compounds  with  a  labile  hydrogen  under  the  influence  of  catalytic  amounts  of 
mercaptan. 

At  room  temperature  the  trialkyl  borons  do  not  react  with  alcohols.  When  a  small  amount  of  mercaptan  is 
added  to  the  reaction  mixture,  however  (about  0.1  equivalent), a  vigorous  reaction  starts,  which  is  accompanied  by 
spontaneous  heating  and  the  separation  of  saturated  hydrocarbon.  As  a  result,  the  esters  of  the  dialkylboric  acids  are 
obtained  in  high  yields.  The  first  stage  of  the  process  is  the  reaction  of  the  trialkyl  boron  and  the  mercaptan, 
resulting  in  the  formation  of  saturated  hydrocarbon  and  the  thioester  R2BSR',  which  quickly  reacts  with  the  alcohol  to 
produce  the  ester  of  the  dialkylboric  acid  and  regenerate  the  mercaptan.  The  mercaptan  again  enters  into  further 
reaction  with  the  trialkyl  boron  and  the  process  is  repeated  until  all  of  the  alcohol  or  the  trialkyl  boron  is  used  up. 
Thus,  by  utilizing  the  catalytic  action  of  n-butyl  mercaptan,  we  synthesized  the  n-butyl  ester  of  di-n-butylboric 
acid  and  the  methyl  ester  of  di-n-propylboric  acid  from  the  appropriate  trialkylborons  and  alcohols. 

With  the  higher  mercaptans  the  esters  of  tie  dialkylboric  acids  enter  into  a  transesterification  reaction  — 
"transmercaptanization".  The  course  of  this  reaction  probably  depends  on  the  formation  of  a  complex  between 
the  mercaptan  and  the  thioester  (V),  which  exists  in  equilibrium  with  the  starting  compounds  and  the  newly  formed 
thioester  (VI)  and  the  mercaptan.  As  a  result  of  the  removal  from  the  sphere  of  reaction  of  the  low-boiling  thiol, 
the  equilibrium  shifts  to  the  right.  Thus,  from  the  ethyl  ester  of  diethylboric  acid  and  n-butyl  mercaptan  we  ob¬ 
tained  the  n-butyl  ester  of  diethylthioboric  acid  (VI). 


152 


(  C2H5)2BSC2H5  +  n  -C4H9SH 


(C2H5),b 


'^S-H 


n  -C4Hn 
(V) 


(C2H5)2BSC4H9-  n  +  CjHsSH. 
(VI) 


EXPERIMENTAL* 

Ethyl  ester  of  diethylthioboric  acid.  The  reaction  was  carried  out  in  a  three- necked  flask  fitted  with  a  reflux 
condenser,  dropping  funnel,  delivery  tube  for  nitrogen,  and  thermometer  and  connected  through  the  condenser  with  a 
gasometer.  To  14.2  g  of  triethylboron  was  slowly  added  with  stirring  14  ml  of  ethyl  mercaptan.  The  reaction 
proceeded  very  vigorously,  with  strong  evolution  of  heat.  When  the  addition  of  the  mercaptan  had  been  completed, 
the  reaction  mass  was  heated  for  10  minutes  at  110*.  The  gas  given  off  contained  an  equivalent  of  ethane.  After 
fractional  distillation  in  vacuum,  we  obtained  15.7  g  (83.6^)  of  the  ethyl  ester  of  diethylthioboric  acid,  b.p.  89-9(f 
at  100  mm.  n*®D  1.4657,  d*®4  0.8252. 

Found  C  55.40,  55.67;  H  11.42,  11.50.  CeHuBS.  Calculated  %;  C  55.40;  H  11.62. 

n -Butyl  ester  of  diethylthioboric  acid.  A  mixture  of  10  g  of  the  ethyl  ester  of  diethylthioboric  acid  and  10  ml  of 
n-butyl  mercaptan,  placed  in  a  Favorskii  flask,  was  heated  to  boiling  for  2  hours.  In  this  process  the  ethyl  mercaptan 
formed  and  part  of  the  n-butyl  mercaptan  taken  for  the  reaction  were  distilled  off.  Four  and  six  tenths  grams  (97^) 
of  ethyl  mercaptan  was  obtained.  The  residue  was  fractionally  distilled.  Ten  and  five  tenths  grams  (86.7*^)  of  the 
n-butyl  ester  of  diethylthioboric  acid  was  obtained  with  b.p.  78.5-79.5*  at  14  mm,  n*®D  1.4603,  ^ 4  0.8300. 

Found ‘7o;  C  61.06,  61.09;  H  12.13,  11.88.  CgHigBS.  Calculated  C  60.77;  H  12.11. 

n-Propyl  ester  of  di-n-propylthioboric  acid.  To  0.143  mole  of  tri-n-propylboron  was  added  dropwise  0.154 
mole  of  n-propyl  mercaptan  at  such  a  rate  that  the  temperature  of  the  reaction  mixture  did  not  rise  above  60*,  which 
required  15  minutes.  Then  the  reaction  mixture  was  gradually  heated  to  160*  and  held  at  this  temperature  until  the 
evolution  of  gaseous  products  ceased.  The  experiment  lasted  about  an  hour.  Three  and  twenty-five  hundredths 
liters  of  gas  was  given  off,  which  contained  0.133  mole  of  propane,  0.00424  mole  of  propene,  and  0.00424  mole  of 
hydrogen.  After  fractionation  of  the  liquid  products,  we  obtained  17.96  g(72.5‘^)  of  n-propyl  ester  of  di-n-propyl- 
thioboric  acid  with  b.p.  93-95*  at  15  mm,  n*®D  1.4582.  This  ester  had  been  prepared  by  us  previously  from  tri-n- 
propylboron  and  sulfur  and  had  b.p. of  77.5-78.5*  at  7  mm,  n^D  1.4546  [4]. 

Ethyl  ester  of  di-n-propylthioboric  acid.  Ninety-five  thousandths  mole  of  ethyl  mercaptan  was  added  to  0.08 
mole  of  tri-n-propylboron.  The  temperature  of  the  reaction  mixture  rose  spontaneously  to  70*.  Then  the  mixture 
was  heated  for  10  minutes  at  110*.  Seventy-eight  thousandths  mole  of  propane  was  evolved.  From  the  liquid 
reaction  products  we  obtained  11.4  g  (88.5*70)  of  the  ethyl  ester  of  di-n-propylthioboric  acid  with  b.p.  99-102*  at 
46  mm.  After  repeated  distillation  the  material  had  b.p.  of  72-73"  at  13  mm,  n?®D  1.4562,  (?®4  0.8214. 

Found  *70:  C  61.96,  62.03;  H  12.40,  12.35.  CgHijBS.  Calculated ‘T*;  C  60.77;  H  12.11. 

All  of  the  esters  of  dialkylthioboric  acids  prepared  were  colorless  liquids  with  an  unpleasant  odor  of  mercaptans; 
they  were  soluble  in  organic  solvents,  easily  hydrolyzed  and  oxidized  in  the  air. 

Phenyl  ester  of  di-n-butylthioboric  acid.  To  0.05  mole  of  tri-n-butylboron  cooled  to  0*  was  added  0.052  mole 
of  thiophenol.  The  reaction  mixture  spontaneously  heated  up.  Slow  evolution  of  gas  started  at  about  50*.  The 
mixture  was  heated  for  1.5  hours,  with  the  temperature  being  gradually  raised  from  50  to  180*.  Twelve  hundred  and 
fifty  milliliters  of  gas  was  given  off,  containing  0.039  mole  of  butane,  0.0067  mole  of  butene,  and  0,0081  mole  of 
hydrogen.  When  the  liquid  products  of  the  reaction  were  fractionated,  we  obtained  10  g  (83.1*7>)  of  the  phenyl  ester 
of  di-n-butylthioboric  acid,  b.p.  140.5-141*  at  8  mm,  n*®D  1.5136,  d*®4  0.9126. 

Mobile,  colorless  liquid,  having  an  unpleasant  odor.  Soluble  in  organic  solvents,  easily  oxidized  and  hydrolyzed. 

Found  *70;  C  71.83,  72.05;  H  10.06,  10.11;  B  4.76.  C14H23BS.  Calculated  *70;  C  71.79;  H  9.90;  B  4.62. 


•ah  operations  were  carried  out  in  an  atmosphere  of  nitrogen. 
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Phenyl  ester  of  di-n-propylthioboric  acid.  A  mixture  of  0.12  mole  of  tri-n-propylboron  and  0.126  mole  of 
thiophenol  was  heated  on  a  metal  bath.  Weak  evolution  of  gases  started  at  about  85*.  Gradually  over  the  coune  of 
2  hours  the  temperature  of  the  reaction  mixture  was  raised  from  100  to  ISCT.  The  gas  given  off  (3.2  liters) 
contained  0.0732  mole  of  propane,  0.028  mole  of  propene,  and  0.033  mole  of  hydrogen.  After  fractionation  of  the 
liquid  reaction  products  we  obtained  19.5  g  (80.27o)  of  the  phenyl  ester  of  di-n-propylthioboric  acid  with  b.p.  130-133* 
at  15  mm  [1]. 

Action  of  n-butyl  alcohol  on  n-butyl  ester  of  di-n-propylthioboric  acid.  In  a  two -necked  flask  fitted  with  a 
reflux  condenser  and  dropping  funnel  and  connected  through  the  condenser  with  a  gasometer  was  placed  13.2  g  of  the 
n-butyl  ester  of  di-n-propylthioboric  acid.  Thirteen  milliliters  of  n-butyl  alcohol  was  added,  whereupon  strong 
heating  of  the  reaction  mixture  was  observed.  The  mixture  was  heated  to  boiling  for  1  hour.  The  evolution  of 
gaseous  products  was  not  observed.  The  contents  of  the  flask  were  transferred  to  a  Favorskii  flask  and  fractionated, 
first  at  atmospheric  pressure  and  then  in  vacuum.  We  obtained  7.4  ml  (99^o)  of  n-butyl  mercaptan  with  b.p.  97-98*, 
6.5  ml  of  n-butyl  alcohol,  and  10.32  g  of  the  n-butyl  ester  of  di-n-propylboric  acid,  b.p.  76.5-7T  at  14  mm,  n?*D 
1.4139.  Literature  data;  b.p.  76-76.5*  at  15  mm,  r^®D  1.4133  [9], 

Methyl  ester  of  di-n-propylboric  acid.  In  a  three-necked  flask  were  placed  0.096  mole  of  tri-n-propylboron 
and  0.11  mole  of  methyl  alcohol,  and  1  ml  of  n-butyl  mercaptan  was  added.  The  mixture  spontaneously  warmed  up 
to  40*.  The  reaction  mixture  was  boiled  for  6  hours  (65-70*).  Eighteen  hundred  and  eighty  milliliters  of  gas  was 
given  off,  containing  0.07  mole  of  propane.  The  liquid  reaction  products  were  fractionated  in  vacuum.  We  obtained 
9.45  g  (77.5*^)  of  the  methyl  ester  of  di-n-propylboric  acid  with  b.p.  54-56*  at  44  mm,  n*®D  1.4028.  The  compound 
had  been  prepared  previously  and  had  b.p,  of  55-56*  at  44  mm,  r?®D  1.4023. 

n -Butyl  ester  of  di-n-butylboric  acid.  To  a  solution  of  13.4  g  of  tri-n-butylboron  in  8  ml  of  n-butyl  alcohol 
was  added  1.5  ml  of  n-butyl  mercaptan.  After  addition  of  the  mercaptan,  the  reaction  mass  spontaneously  warmed 
up  to  60*,  and  the  formation  of  gaseous  materials  was  observed.  In  the  course  of  30  minutes  the  temperature  of  the 
mixture  was  gradually  raised  to  125*.  Twelve  hundred  milliliters  of  gas  was  evolved,  the  amount  of  which  did  not 
change  on  further  heating  at  125*.  The  gaseous  reaction  products  contained  0.056  mole  of  butane.  After  fraction¬ 
ation  of  the  reaction  mixture  first  at  atmospheric  pressure  and  then  in  vacuum,  we  obtained  13.2  g(90.6*^)  of  the 
butyl  ester  of  di-n-butylboric  acid  with  b.p.  102-105*  at  14  mm,  n?®D  1.4212.  Literature  data;  b.p.  92-94^  at  8  mm, 
nP®D  1.4222  [1,  6]. 

SUMMARY 

1.  The  reaction  of  trialkyl  borons  with  mercaptans,  which  leads  to  the  preparation  in  high  yields  of  the  esters 
of  dialkylthioboric  acids,  has  been  investigated. 

2.  A  mechanism  has  been  proposed  for  the  reactions  of  trialkyl  borons  with  compounds  containing  active 
hydrogen. 

3.  It  has  been  shown  that  the  esters  of  the  dialkylthioboric  acids  react  readily  with  alcohols  with  the  formation 
of  esters  of  dialkylboric  acids. 

4.  With  the  higher  mercaptans  the  esters  of  the  dialkylthioboric  acids  enter  into  a  transesterification  reaction 
("transmercaptanization”). 

5.  The  possibility  of  preparing  esters  of  dialkylboric  acids  from  trialkyl  borons  and  alcohols,  utilizing  mercap¬ 
tans  as  catalysts,  has  been  shown. 
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The  polyene  hydrocarbons  which  have  been  known  up  to  the  present  time  to  have  luminescent  properties  and 
which  have  been  used  as  organic  luminophors  are  di-  and  polyaryl  compounds.  Aliphatic  polyene  chains  in  them  are 
stabilized  by  terminal  aryl  radicals  which  make  the  hydrocarbon  radical  comparatively  stable  in  spite  of  the  presence 
of  a  large  number  of  double  bends.  Thus,  l,10-diphenyl-l,3,5,7,9-decapentaene  and  higher  diphenylpolyenes  are 
quite  stable.  Monoaryl  polyenes  in  which  one  end  of  the  polyene  chain  is  not  substituted  are  extremely  reactive. 

For  example,  1 -phenyl -1,3, 5 -hexatriene  is  easily  oxidized  by  oxygen  of  the  air,  is  cyclized,  and  undergoes  poly¬ 
merization  reactions  [1,  2].  Besides  the  stabilizing  action,  terminal  aryl  groups  lengthen  the  total  polyene  chain 
of  the  molecule,  giving  a  greater  possibility  of  electron  transfer  .which  is  shown  in  the  luminescent  properties  of  the 
substances.  Thus,  l,6-diphenyl-l,3,5-hexatriene  is  one  of  the  strongest  organic  luminophors,  while  1 -phenyl -1,3,5 - 
hexatriene  does  not  have  luminescent  properties. 


In  the  present  work  we  have  obtained  for  the  first  time  monoarylated  polyene  hydrocarbons  which  have  lumines¬ 
cent  properties:  2,6-dimethyl-l-phenyl-l,3,5-heptatriene  (I),  8-methyl-l-phenyl-l,3,5,7-nonatetraene  (II),  and 
4,8-dimethyl-l-phenyi-l,3,5,7-nonatetraene  (II). 


CeIl5-Cn=C-CH=CH-CH=C<^ 


CH3 


CH3 

CH3 


(I) 


C6n5-Cn=CII-CH=CH-CH=CH-CH=C<^ 


CHg 

CH, 


(ID 


Cr.Ils-CII=CH-CH=C-CH=CH-CH=C 
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CIL 


CH3 


(HD 


The  synthesis  of  these  monoarylated  polyene  hydrocarbons  was  carried  out  by  one  of  the  variants  worked  out 
for  our  earlier  method  [3]  using  the  condensation  products  of  methylcrotonaldehyde  acetal  with  isopropenyl ethyl  ether 
and  ethoxydienes  [4,  5]. 

From  the  ketal  of  4-ethoxy-6-methyl-5-hepten-2-one  [4]  by  hydrolysis  we  obtained  4-ethoxy -6 -methyl -5- 
hepten-2-one  (IV). 


CH3\ 

0113^ 


(IV) 


•Communication  Xni,  see  Izvest.  Akad.  Nauk  SSSR,  Otdel.  Khim.  Nauk  1960,  938. 
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(I) 


CH3 

I 

CeH5-CHo-C-Cn2-CH-CH=C 

I  I 

OH  OCaHj 
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3 


3 


(V) 


The  ketone  (IV)  had  a  characteristic  odor  and  might  be  of  interest  as  a  perfume.  When  it  was  condensed  vdth 
benzylmagnesium  chloride  it  gave  4-ethoxy-2,6-dimethyl-l-phenyl-5-hepten-2-ol  (VX  which  by  boiling  with  an 
aqueous  alcoholic  solution  of  hydrogen  bromide  was  converted  to  2,6 -dimethyl-1 -phenyl-l,3,5-heptatriene  (I). 


Analogously,  from  the  acetals  of  5 -ethoxy-7 -methyl -2,6 -octadien-l-al  and  5-ethoxy-3,7-dimethyl-2,6-octa- 
dien-l-al  [5]  were  synthesized  the  corresponding  aldehydes  (VI)  and  (VII).  By  condensation  with  benzylmagnesium 
chloride  we  isolated  the  corresponding  6-ethoxy-8-methyl-l-phenyl-3,7-nonadien-2-ol  (VIE)  and  6-ethoxy-4,8- 
dimethyl-l-phenyl-3,7-nonadien-2-ol(IX), which  by  removal  of  the  elements  of  water  and  alcohol  were  converted  into 
hydrocarbons  (U)  and  (III). 


CHg. 

>C=CH-CII-CH2-C=CH-CH0 
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(VIII),  R  =  H:  (IX),  R  =  CHj. 


In  the  crystalline  state  2,6-dimethyl-l-phenyl-l,3,5-heptattiene  (I)  luminesces  weakly  in  the  ultraviolet  with  a 
pale  violet  color,  and  in  solution  the  luminescence  is  absent.  Polyenes  (11)  and  (IE)  have  a  bright  blue  fluorescence 
(the  latter  more  intense)  in  solution  and  do  not  luminesce  in  the  solid  form. 

The  methyl  group  on  one  of  the  ends  of  the  polyene  aliphatic  chain  does  not  have  such  a  stabilizing  action  as 
does  the  phenyl,  so  that  these  monoarylated  hydrocarbons  (I -III)  are  unstable  substances,  easily  oxidized  by  oxygen 
of  the  air.  When  heated  in  solution,  they  are  converted  into  oily  products  which  makes  their  purification  by 
recrystallization  difficult. 


EXPERIMENT  AL 

4-Ethoxy-6-methyl-5-hepten-2-one  (IV).  To  5  g  of  diethylketal  of  4-ethoxy-6-methyl-5-hepten-2-one  was 
added  1  ml  of  l7o  HJPO4  and  2.5  ml  of  alcohol.  The  mixture  was  shaken  for  10  minutes, and  when  the  solution  became 
homogeneous  it  was  allowed  to  stand  for  1.5  hours.  The  mixture  was  diluted  with  ether,  neutralized  with  NaHCO| 
solution,  washed  with  water,  and  dried  over  M^04.  After  distillation  of  the  ether,  we  obtained  3  g  (86*?^)  of  4-ethoxy- 
6 -methyl-5 -hepten-2-one. 

B.p.  44"  (2  mm),  dF®4  0.8941,  n*°D  1.4405,  MR  50.23;  calc.  49.57. 

Found  *70:  C  70.40,  70.64;  H  10.47,  10.57.  CioHuOj.  Calculated  C  70.55;  H  10.66. 

4-Ethoxy-2,6 -dimethyl-1 -phenyl-5-hepten-2-ol  (V).  To  0.1  mole  of  benzylmagnesium  chloride  in  50  ml  of 
ether  was  added  0.017  mole  of  4-ethoxy -6 -methyl -5 -hepten -2 -one  in  20  ml  of  ether.  The  mixture  was  heated  with 
stirring  under  reflux  for  five  hours,  after  which  it  was  poured  onto  ice  acidified  with  5%  hydrochloric  acid.  The  eth» 
layer  was  neutralized  with  4‘7oNaHC03,  washed  with  water,  and  dried  over  MgS04.  After  distillation  of  the  ether  we 
obtained  2.5  g  (54%)  of  4-ethoxy-2,6-dimethyl-l-phenyl-5-hepten-2-ol. 

B.p.  130-132"  (2  mm),  d*®4  0.9613,  n”D  1.5032,  MR  80.70;  calc.  80.49. 

Found  “yo:  C  77.34,  77.54;  H  9.77,  9.79.  CnHjgOj.  Calculated  C  77.81;  H  9.99. 

6-Ethoxy-8-methyl-l-phenyl-3,7-nonadien-2-ol  (VIII).  To  0.5  mole  benzylmagnesium  chloride  in  30  ml  of 
ether  was  added  0.010  mole  of  5-ethoxy-7-methyl-2,6-octadien-l-al  dissolved  in  15  ml  of  ether;  the  aldehyde  was 
obtained  by  hydrolysis  of  its  diethylacetal  [5]  with  \%  H3PO4  and  had  a  b.p.  of  66-68"  (2  mm),  n*®D  1.4705.  The 
reaction  occurred  in  the  same  way  as  for  compound  (V).  We  obtained  2  g  (66.4^)  of  6 -ethoxy-8 -methyl-l-phenyl- 
3,7-nonadien-2-ol. 
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3,7-nonadien-2-ol  in  30  ml  of  alcohol  was  added  8  ml  of  concentrated  hydrobromic  acid.  The  reaction  was  carried 
out  as  described  above.  We  obtained  0.37  g  (47.6%)  of  substance  in  the  form  of  light  yellow  crystals  with  m.p.  112- 
113*  (from  alcohol). 

Found  %:  C  91.25,  90.53;  H  9.00,  8.93.  CitHjo.  Calculated  %:  C  91.01;  H  8.99. 

SUMM  A  RY 

By  condensation  of  benzylmagnesium  chloride  with  4-ethoxy-6-methyl-5-hepten-2-one,  5 -ethoxy -7 -methyl - 
2,6-octadien-l-al,  and  5-ethoxy-3,7-dimethyl-2,6-octadien-l-al  we  obtained  the  corresponding  4-ethoxy-2,6- 
dimethyl-1 -phenyl -5 -hepten-2-ol,  6-ethoxy-8-methyl-l-phenyl-3,7-nonadien-2-ol,  and  6 -ethoxy -4,8 -dimethyl - 
1  -phenyl  -3 ,7  -nonadien  -2  -ol. 

By  boiling  these  ethoxy  alcohols  with  hydrobromic  acid  we  formed  the  monoaryl  polyene  hydrocarbons  with 
luminescent  properties:  2,6-dimethyl-l-phenyl-l,3,5-heptatriene,  8-methyl-l-phenyl-l,3,5,7-nonatetraene,  and 
4,8  -dimethyl-1  -phenyl  -1 ,3 ,5 ,7  -nonatetraene. 
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Homologs  of  pyrazole  which  contain  substituents  in  positions  3  and  5  of  the  pyrazole  ring  are  easily  obtained  by 
condensation  of  8 -ketoaldehydes  [1],  8 -diketones  [2],  or  functional  derivatives  of  these  compounds  [3]  with  hydrazine 
or  substituted  hydrazines.  The  4-substituted  pyrazoles  are  much  less  available;  the  syntheses  of  individual  examples 
of  compounds  of  this  type  (I,  R  =  CH3  [4-7];  R  =  C2H5  [8];  R  =  CsHj  [9-13])  have  been  carried  out  by  various  methods, 
some  rather  complicated.  It  was  shown  recently  that  unsubstituted  pyrazole  and  N -arylpyrazoles  can  be  obtained 
through  the  tetraacetal  of  malondialdehyde  or  other  functional  derivatives  of  this  [14-17].  In  view  of  the  fact  that  at 
the  present  time  full  acetals  of  homologs  of  malondialdehyde  have  also  become  available  [18],  we  have  investigated 
the  possibility  of  using  these  compounds  as  starting  substances  for  the  synthesis  of  4-  and  1, 4-substituted  pyrazoles  [19]. 

Contrary  to  the  8 -ketoacetals  [20]  the  full  acetals  of  homologs  of  malondialdehydes  do  not  react  with  hydrazine 
or  with  arylhydrazines,  either  directly  or  in  the  presence  of  alkaline  catalysts.  However,  the  formation  of  pyrazoles 
takes  place  in  the  case  of  preliminary  hydrolysis  of  the  acetals  by  heating  with  aqueous  solutions  of  acids,  where  the 
evolution  of  the  dialdehyde  (11  a)  is  not  necessary  (process  A),  or  as  a  result  of  reaction  of  the  acetals  with  an  aqueous 
solution  of  salts  of  hydrazine  or  arylhydrazines  (acid  catalyst;  process  B);  typical  examples  are  given  in  the  experi¬ 
mental  part.  4-Substituted  pyrazoles  are  also  formed  smoothly  if  instead  of  the  acetal  of  substituted  malondial¬ 
dehydes  we  use  functional  derivatives  of  the  enol  form  of  the  dialdehyde  (cf.  [21]),  that  is,  8  -alkoxy acroleins  (H  b, 
process  C),  8  -acyloxyacroleins  (II  c.  Process  D),  or  8  -dialkylaminoacroleins  (H  d.  Process  E);  we  have  reported 
earlier  on  the  use  for  this  purpose  of  one  or  another  8-  haloacrolein  (He)  [17], 
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a)  X  =  0H. 

b)  X  =OAlk, 

c)  X  =  OAc, 

X  =N(Alk)„ 
X  =Hlg. 


Probably  in  all  the  processes  considered  above  for  obtaining  pyrazoles,  there  are  obtained  as  intermediate 
reaction  products  the  corresponding  nitrogen  derivatives  of  the  aldehydes  (II)  on  the  carbonyl  group;  in  favor  of 
this  is  the  possibility  of  obtaining  the  isolated  arylhydrazones  of  8  -haloacroleins  [17]  and  semicarbazones  of 
8 -acyloxyacroleins  [16]  which  are  easily  cyclized  by  the  action  of  acids  into  pyrazoles,  and  also  the  conversion  of 
di-p-nitrophenylhydrazones  of  ethylmalondialdehyde,  obtained  under  other  conditions,  into  l-p-nitrophenyl-4-ethyl- 
pyrazole. 

In  the  reaction  of  the  acetals  of  alkylmalondialdehydes  with  salts  of  semicarbazide  (III,  R*  =  CONHj)  we 
isolated  the  crystalline  amide  of  4-alkylpytazole-l -carboxylic  acid  (I,  R'  =  CONH|), which  by  treatment  with  acids 
was  hydrolyzed  and  decarboxylated  to  form  pyrazoles  (I,  R*  =  H). 

4-Alkylpyrazoles  are  stable  liquids  which  distill  without  decomposition  and  are  soluble  in  organic  solvents; 
they  were  characterized  as  picrates  (l-aryl-4-alkylpyrazoles,  as  the  chloroplatinates).  For  the  calculation  of 
molecular  refraction  of  substituted  pyrazoles,  see  [3];  in  the  case  of  1 -arylpyrazoles  as  the  increment  for  both 
niuogens  we  used  the  value  3.46. 
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4-Substituted  Pyrazoles  ||  n 


CII3 
Cjjllr, 
Iso-  C3H7 
CflHs 


A. 


Method 

R 

R' 

of  pre- 

Yield,  % 

B.p.  (m.p.)® 

Empirical 

paration 

formula 

»  ( 

II 


CM., 

CoHg 

r.zMs 

Cells 

iso  -  f'lH? 

C0M5 

Cflils 

CeMg 

CM, 

p-OjNCflIL 

C.2M., 

iso-C.,117 

p-02NCeH, 

p-OzNCgll 

66.9 

73.1 

57.2 
52.0 

68.4 

.54.4 

62.5 

69.2 

79.1 


74.1 

68.6 


75.2 

77.8 

60.5 

80.4 

56.2 


70—73°  (3  mm) 
98—100  (6  miT)  (■) 

82—85  (3mm)*’ 

90-91  (3mnj)C 

M.p.  230-231 
M.p.  230(13] 

98—100  (1.5  mm) 
M.p.  42-43  (>1] 
M.p.  42-43 

114—115  (2  mm)^ 
118—120  (1.5  mm)^ 


M.p. 

M.p. 

M.p. 

M.p. 

M.p. 

M.p. 


98-99 

97(12] 

123-124 
120  («] 

74—75 

101-102 


}  C4II6N2 
C.sn8N2 
CellioNj 

}  CfiHgNa 

C10H10N2 


C11II12N2 
C12HJ4N2 
)  Cm.,Mi2N2 

I 

CiiHii02N3 

C  12111.102^2 


^For  some  substances  we  give  literature  data  at  the  end. 

*’n“D  1.4907,  dF®4  0.9862,  MRp  28.21;  calc.  28.40.  Found  7o;  C  62.95;  H  8.69.  Calculated 
C  62.47;  H  8.86. 

^’n^D  1.4830,  d*®4  0.9706,  MRp  32.41;  calc.  33.02. 

‘^n^D  1.5791,  c?®4  1.0657,  MR^  53.71;  calc.  53.64. 

®n*®D  1.5630,  c?®4  1.0390,  MR^  58.21;  calc.  58.26. 

We  recently  showed  that  the  tetraacetal  of  malondialdehyde  can  easily  be  converted  into  chloro-  or  bromo- 
malondialdehyde  or  acetals  of  these  compounds  [22],  which  opens  the  possibility  of  a  simple  synthesis  of  4-chloro- 
or  4-bromopyrazole.  This  reactions  requires  more  severe  conditions  than  in  the  case  of  obtaining  4-alkylpyrazoles; 
probably  cyclization  of  the  intermediate  hydrazone  or  arylhydrazones  of  halomalondialdehydes  (which  could  not  be 
isolated  in  the  individual  state)  occurs  only  with  heating  with  a  sufficiently  concentrated  acid  solution. 

EXPERIMENTAL* 


Obtaining  4 -S  ubstituted  Pyrazoles 

Process  A.  From  acetals  of  homologs  of  malondialdehyde.  4-Methylpyrazole.  A  mixture  of  4.68  g  of  1,1 ,3 ,3 
tetraethoxy-2-methylpropane  and  5  ml  of  0.5  N  solution  of  hydrochloric  acid  were  mixed  for  1  hour  at  50*.  To  the 
resulting  homogeneous  solution  was  added  a  solution  of  1.4  g  of  hydrazine  hydrochloride  in  2  ml  of  water  .and  the 
mixture  was  heated  for  two  hours  at  60*,  cooled,  made  alkaline  with  potassium  hydroxide  to  pH  9,  saturated  with 


The  melting  and  boiling  points  given  in  text  and  table  are  uncorrected. 


•/.  N 
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derivative** 

Empirical 

formula 

Found  00) 

Calculated  0o) 

found 

calc. 

(solvent  for  crystal 
lization) 

N 

H,0 

N 

H,0 

Piqrate,  140-141*, 
139.5*  [7] 

j  C.oHbO^Nj 

-  ! 

— 

— 

— 

Picrate,  144-145* 
(from  water) 

1  C11H11O7N5 

21.89,  21.84 

— 

21.53 

— 

25.15,  25.21 

25.43j 

Picrate,  114-116* 
(from  alcohol) 

1  C12H13O7N5 

20.61,  20.69 

— 

20.65 

— 

Picrate,  154-155*, 
155*  [13] 

1  C15H11O7N5 

— 

— 

— 

— 

16.55,  16.51 

16.28  j 

Chloroplatinate 
110-112.5*  (from 
aqueous  HCl) 

1  2C„H,jN2. 

1  H2PtCfa  •  2H2O 

1  7.16,  7.22 

4.25 

7.09 

4.55 

14.82,  14.77 

15.04j 

Chloroplatinate, 
109-111.5*  (from 
aqueous  HCl) 

12C,2HhN2. 
j  HaPtCla  •  2H2O 

j  6.75,  6.96 

4.52 

6.96 

4.47 

13.03,  13.07 

12.73| 

Chloroplatinate, 

180-181*  (from 
aqueous  HCl) 

1  2C,5H,oN2. 
j  HaPtCfe  •  2H2O 

1  5.84,  6.11 

3.60 

6.33 

4.06 

19.36,  19.54 

19.30 

18.41,  18.45 

18.17 

sodium  chloride,  and  repeatedly  extracted  with  ether.  The  ether  extract  was  dried  over  KjCOs.  After  distillation  of 
the  solvent  and  redistillation  we  obtained  1.1  g  (66.9^)  of  4-methylpyrazole  (see  table). 

In  obtaining  1-phenyl- and  1-p-nitrophenyl-substituted  pyrazoles  the  reaction  mixture  was  heated  four  hours 
at  70*.  The  water- insoluble  p-nitrophenylhydrazine  was  brought  into  reaction  in  the  form  of  an  acidified  alcohol 
solution. 

Process  B.  Acid  catalyst.  l-Phenyl-4-ethylpyr azole.  A  mixture  of  4.96  g  of  1, 1,3,3 -tetraethoxy -2 -ethyl - 
propane,  2.8  g  of  phenylhydrazine  hydrochloride,  and  10  ml  of  water  was  stirred  for  two  hours  at  70-80*.  After 
cooling  the  reaction  mixture  it  was  made  alkaline  with  p>otassium  hydroxide  and  extracted  with  ether.  The  residue 
a ftef  evaporation  of  the  ether  was  vacuum  distilled.  We  obtained  2.36  g(68.6‘li^>)  of  1 -phenyl -4-ethylpyr azole. 

Process  C.  From  6 -alkoxyacroleins.  4-Ethylpyrazole.  To  a  solution  of  0.7  g  of  hydrazine  hydrochloride  in 
3  ml  of  water  was  added  dropwise  1.14  g  of  a-ethyl-6-methoxyacrolein  [23];  the  mixture  was  stirred  for  two  hours 
at  50*,  cooled,  made  alkaline  with  potassium  hydroxide  to  pH  9,  saturated  with  sodium  chloride,  and  extracted  with 
ether.  After  evaporation  of  the  ether  and  distillation,  we  obtained  0.5  g  (  52f^)  of  4-ethylpyrazole. 


25  ml  of  alcohol  was  added  0.6  g  of  sodium  ethylmalondlaldehyde  and  several  drops  of  acetic  acid.  After  three  hours 
the  precipitate  was  filtered  off  and  washed  with  alcohol.  We  obtained  1.15  g  (62.1%)  of  orange  crystals,  m.p.  203- 
206*. 

Found  %:  N  23.08.  Ci7Hi,04N6.  Calculated  %:  N  22.80. 

A  mixture  of  0.23  g  of  dihydrazone,  1  ml  of  0.1  N  hydrochloric  acid,  and  1  ml  of  alcohol  was  heated  for  three 
hours  on  a  water  bath;  the  hot  solution  was  filtered  through  charcoal.  When  it  cooled,  0.1  g  (76.9%)  of  1-p-nitro- 
phenyl-4-ethylpyrazole  precipitated. 

Amide  of  4-methylpyrazole-l -carboxylic  acid.  To  a  solution  of  1.16  g  of  semicarbazide  hydrochloride  in  4  ml 
of  water  was  added  with  stirring  2.34  g  of  l,l,3,3-tetraethoxy-2-methylpropane.  The  mixture  was  stirred  for  2.5 
hours  at  room  temperature;  the  crystals  which  precipitated  were  filtered  off  and  washed  with  hot  alcohol  and  ether. 
M.p.  137.5-139*  (from  aqueous  alcohol).  Yield  1.05  g(83.9%). 

Found  %:  N  33.96,  33.72.  C5H7ONJ.  Calculated  %:  N  33.56. 

We  obtained  the  following  compounds  in  an  analogous  way. 

Amide  of  4-etliylpyrazole-l -carboxylic  acid  (yield  78.3%),  m.p.  105-105.5*  (from  aqueous  alcohol). 

Found  %:  N  30.42,  30.49.  CgHgON,.  Calculated  %:  N  30.19. 

Amide  of  4-isopropylpyrazole-l -carboxylic  acid  (yield  52.3%),  m.p.  104-104.5*  (from  aqueous  alcohol). 

Found  %:  C  54.63,  54.61;  H  7.24,  7.39.  C7H11ON,.  Calculated  %:  C  54.92;  H  7.23. 

A  mixture  of  2.2  g  of  the  amide  of  4-methylpytazole-l -carboxylic  acid  and  30  ml  of  10%  hydrochloric  acid 
solution  was  heated  for  two  hours  on  a  boiling  water  bath.  The  cooled  reaction  mixture  was  made  alkaline  with  a 
solution  of  potassium  hydroxide,  saturated  with  sodium  chloride,  and  extracted  with  ether;  the  residue  after  evapora¬ 
tion  of  the  ether  was  distilled  in  a  vacuum.  We  obtained  1.2  g  (83.3%)  of  4-methylpyrazole,  b.p.  71-75*  (3  mm). 

Picrate,  m.p.  140-141*. 

In  an  analogous  way  we  obtained  4-ethyl-  and  4-isopropylpyrazoles  from  the  corresponding  amides  of  the 
4-alkylpyrazole-l  -carboxylic  acids. 

4 -B romopyrazole.  A  mixture  of  3.02  g  of  bromomalondialdehyde,  1.7  g  of  hydrazine  hydrochloride,  and 
10  ml  of  a  water  solution  of  hydrochloric  acid  (1:1)  was  heated  to  boiling  for  ten  minutes  and  after  cooling  was  made 
alkaline  with  a  concentrated  solution  of  sodium  hydroxide  and  was  extracted  with  ether.  The  crystalline  residue 
after  evaporation  of  the  ether  was  dried  in  a  vacuum  over  phosphoric  anhydride  at  30-4Cr;  yield  1.9  g  (64%);  after 
recrystallization  from  water,  m.p.  93-94*;  according  to  the  literature  [25],  m.p.  95-9T. 

In  an  analogous  way  we  obtained  from  chloromalondialdehyde  4 -chloropyrazole,  m.p.  71-73"  (yield  60%); 
after  crystallization  from  water,  m.p.  76-77";  according  to  the  literature  [25],  m.p.  69-71". 

1 -Phenyl -4-chloropyrazole.  A  mixture  of  3.2  g  of  chloromalondialdehyde,  15  ml  of  acetic  acid,  5  ml  of 
concentrated  hydrochloric  acid,  and  4.3  g  of  phenylhydrazine  hydrochloride  was  heated  to  boiling  for  15  minutes, 
treated  with  charcoal,  and  the  filtrate  then  poured  into  300  ml  of  water.  The  crystals  which  precipitated  were 
filtered  off;  weight  4.1  g(77%),  m.p.  71-73";  after  recrystallization  from  aqueous  alcohol  and  vacuum  drying. 
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1 -phenyl -4“chloropyrazole  had  m.p.  of74-75* ;  according  to  the  literature  [26],  m.p,  7S* . 

1  -Phenyl-4-bromopyrazole.  A  mixture  of  2.9  g  of  1,1,3, 3-tetraethoxy-2-bromopropane  and  5  ml  of  a  water 
solution  of  hydrochloric  acid  (1:1)  was  heated  on  a  water  bath  to  disappearance  of  the  acetal  layer.  To  the  result¬ 
ing  solution  was  added  1.5  g  of  phenylhydrazine  hydrochloride  in  15  ml  of  water;  the  mixture  was  heated  for  two 
hours  to  boiling  and  was  steam  distilled;  we  obtained  1.25  g  (56*^)  of  1 -phenyl -4-btomopytazole  with  m.p.  77-78* , 
After  recrystallization  from  aqueous  alcohol,  m.p.  78-79* ;  according  to  the  literature [27]  m.p.  81*. 

l-p-Nittophenyl-4-chlotopyrazole.  To  1.06  g  of  chloromalondialdehyde  dissolved  in  a  mixture  of  25  ml  of 
alcohol  and  20  ml  of  concentrated  hydrochloric  acid  we  added  1.5  g  of  p-nitrophenyl  hydrazine.  The  mixture  was 
heated  for  20  minutes  at  boiling,  after  which  it  was  poured  into  100  ml  of  water;  the  precipitate  was  filtered  off  and 
recrystallized  from  90%  alcohol  and  dried  in  a  vacuum  at  4(f.  Yield  1.4  g(6^),  m.p,  145.5-146.5*. 

Found  %;  N  18.70;  Cl  15.52.  C,H,0,N,C1.  Calculated  %;  N  18.83;  Cl  15.85. 

In  an  analogous  way  we  obtained  l-p-nitrophenyl-4-bromopyrazole  (68%),  m.p.  168-169*  (from  alcohol). 
Found  %:  Br  30.39,  30.32;  N  15.90,  16.00.  CjHsOtNiBr.  Calculated  %;  Br  29.81;  N  15.67. 

SUMMARY 

By  the  reaction  of  acetals  of  homologs  of  malondialdehyde  or  their  functional  derivatives  with  hydrazine  or 
arylhydrazines  we  have  a  suitable  method  for  obtaining  4-  or  1,4 -substituted  pyrazoles. 
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We  showed  previously  that  sodium  dialkylphosphites  react  with  disulfides  with  formation  of  thiolophosphates 
and  mercaptides  [1]: 


(R0)2P0Na  -f  R'SSR'  — ►  (R0)2PSR'  +  R'SNa 

<! 

These  reactions  could  be  used  under  laboratory  conditions  for  the  synthesis  of  various  thiolophosphates.  How¬ 
ever,  in  preparing  larger  quantities  of  thiolophosphates,  because  of  the  necessity  for  using  equimolecular  amounts  of 
sodium,  this  method  is  uneconomic  and  is  comparatively  difficult  to  carry  out. 

In  the  present  work  we  have  continued  our  study  of  these  reactionsand  shown  that  disulfides  react  with  acid 
phosphites,  thiophosphites,  phosphonites,  and  dialkylphosphines  with  formation  of  the  corresponding  thiolo derivatives 
in  the  presence  of  catalytic  amounts  of  metallic  sodium,  and  in  some  cases,  even  in  its  absence.  Thus,  in  treatment 
of  equimolecular  mixtures  of  acid  phosphites  and  dialkyl  disulfides  with  small  amounts  (0.1-0.3  mole  %)  of  sodium 
under  conditions  which  assure  rapid  distillation  of  the  mercaptan,  there  is  formed  in  almost  quantitative  yield  the 
corresponding  thiolophosphate. 


(R0)2P(0)n4  R'SSR'  (RO)2PSR'-f  R'SII 

A 

The  following  is  the  mechanism  of  this  reaction:  Under  the  influence  of  the  catalytic  amount  of  sodium  on 
the  mixture  of  disulfides  and  dialkylphosphites  the  latter  form  salts  which  react  with  the  disulfides  by  the  equation 
given  above;  the  presence  in  the  reaction  mass  of  phosphites  and  mercaptides  leads  to  establishment  of  the  equili¬ 
brium 

(R0)2P(0)H  -f-  R'SNa  (R0)2P0Na  +  R'SH 

Shift  of  the  equilibrium  to  the  right  is  produced  by  distillation  of  mercaptan  from  the  reaction  mass.  Reaction 
takes  place  more  easily  when  the  resulting  mercaptan  has  a  low  boiling  point  and  is  difficult  when  the  boiling  points 
of  the  phosphite  and  mercaptan  are  comparatively  close.  Thus,  under  the  influence  of  sodium  on  the  mixture  of 
diethylphosphite  and  B,0'-diethylthioethyldisulfide  we  obtain  thiolophosphate  ("isosystox")  contaminated  by  disulfide. 
When  in  the  same  reaction  we  use  with  the  disulfide  the  dibutylphosphite,  whose  boiling  point  is  considerably  higher 
than  the  boiling  point  of  ethylthioethyl  mercaptait  0,0-dibutyl-S-ethylthioethylphosphate  is  formed  in  good  yield. 

0,0-Diethyl-S-ethylthioethylphosphate  ("isosystox")  was  obtained  in  good  yield  by  successive  treatment  of 
sodium  diethylphosphite  with  diethylthioethyldisulfide  and  diethylchlorophosphate. 


(C.,ll50)2P0Na  4  C2U5SCH2CH2SSCH2CH2SC2H5 


(P'2ll:,0)2PSCIl2CH2SC2ll5  4- 


O 


4- C,ll5.SCH.,CH2SNa  2(C2H50)2PSCn2CH2SC,H5  4- NaCl 


0 
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Dialkylthiophosphites  under  the  influence  of  small  addition  of  sodium  also  react  with  disulfides  with  great  ease, 
forming  good  yields  of  dithiophosphates. 


/nO)2P{S)H  +  R'SSIV  ^ 


(R0)2PSn'  -f  R'SII 

I 


Monoalkylphosphonites,  though  they  have  less  acid  properties  than  do  dialkylphosphites  and  thiophosphites, 
which  naturally  makes  difficult  the  shift  in  the  equilibrium  shown  above,  yet  also  react  smoothly  enough  with 
disulfides,  forming  thiolophosphonates. 


/OR"  N.  /OR' 

R-P<  +  R'SSR'  — R-P<  +  R'SH 
^  Ml  \SR' 

In  some  cases  phosphonites  react  with  disulfides  with  small  yields  of  thiolophosphonates  even  in  the  absence  of 
sodium..  The  occurrence  of  this  reaction  can  be  explained  by  the  fact  that  phosphonites  are  stronger  reducing  agents 
than  are  phosphites  and  thiophosphites. 

Dialkylphosphine  oxides,  which  do  not  have  acid  properties  at  all  but  are  strong  reducing  agents,  form  good 
yields  of  thiolophosphonates  with  disulfides  in  the  absence  of  sodium. 


R2P(0)H  +  R'SSR'  —  RjPSR'^-  R'SH 

Thus,  the  reaction  of  disulfides  with  acid  phosphites  and  phosphonites  is  determined  by  the  acid  and  reducing 
properties  of  the  latter. 


EXPERIMENTAL 

Thiolophosphates  and  phosphonates  (typical  method).  To  an  equimolecular  mixture  of  dialkylphosphite 
(thiophosphite,  monoalkylphosphonite,  dialkylphosphine  oxide)  and  dialkyldisulfide,  heated  to  lOO-llOT  in  a  vacuum 
distilling  flask,  was  added  0.1 -0.3  mole  ^  of  sodium* .  The  mixture  was  heated  at  110^140*  in  a  vacuum  in  a 
stream  of  dry  nitrogen.  Temperature  and  evacuation  were  so  regulated  that  the  mercaptan  distilled  from  the  reaction 
mass,  and  the  phosphite  (phosphonite)  did  not  distill.  When  the  boiling  points  of  the  mercaptan  and  phosphite 
(phosphonite)  were  close  to  each  other,  the  latter  was  used  in  excess.  When  nearly  the  calculated  amount  of  mercaptan 
had  been  collected  in  the  receiver,  the  reaction  was  considered  to  be  ended.  Sodium  was  added  repeatedly  when  the 
reaction  slowed  down.  The  residue  after  distillation  of  the  mercaptan  inmost  cases  was  practically  pure  thiophosphate 
(phosphonate)  which  distilled  almost  completely  ina  range  of  1-3*.  The  yield  of  distilled  product  was  75-95^.  The 
properties  of  the  resulting  compounds  and  analytical  data  are  given  in  the  table. 

0 ,0 -Diethyl -S -ethylthioethylphosphate.  To  0.1  mole  of  Na  diethylphosphite  in  75  ml  of  anhydrous  toluene  was 
added  with  stirring  0.1  mole  of  0,3'-diethylthioethyldisulfide.  upon  which  warming  occurred.  After  keeping  for  one 
hour  at  23-30*,  0.1  mole  of  diethylchlorophosphate  was  added  to  the  reaction  mass.  For  completion  of  the  reaction 
the  mixture  was  heated  for  one  hour  on  a  water  bath,  then  after  cooling  was  washed  with  water.  The  solvent  was 
distilled  from  the  organic  layer  in  a  vacuum  and  the  residue  was  distilled.  We  obtained  0.16  mole  (80^)  of  the 
substance. 

B.p.  163-165*  (5  mm),  d*®4  1.1346,  n^D  1.4995,  MRp  66.91.  Calc.  66.26.  According  to  the  literature  [5], 
b.p.  100-105*  (0.025  mm),  <i“4  1.1269,  n®D  1.4922. 

Found  S  25.11;  P  12.24.  CgHi^sSjP.  Calculated*^:  S  24.82;  P  11.99. 

0 ,0 * -Diethylthioethyldisulfide.  We  heated  28.8  g  of  crystalline  sodium  sulfide  in  100  ml  of  alcohol  with 
stirring  until  it  dissolved.  Then  in  portions  we  added  3.84  g  of  powdered  sulfur, and  heating  was  continued  until  it 
dissolved.  To  the  resulting  solution  of  sodium  disulfide  we  added  30  g  of  0  -chloroethylsulfide.  The  reaction  mass 
was  boiled  for  eight  hours.  The  sodium  chloride  was  filtered  off;  the  solvent  was  distilled  from  the  filtrate;  the 


*In  the  case  of  the  dialkylphosphine  oxides,  the  sodium  was  not  added. 
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Thiolophosphates,  Dithiophosphates,  and  Thiolophosphonates 
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residue  was  dissolved  in  benzene  and  washed  with  water.  The  solvent  was  distilled  from  the  benzene  solution, and  the 
residue  was  distilled.  We  obtained  18.9  g  (65%)  of  the  substance. 

B.p.  159-164’  (3.5  mm),  d“4  1.1028,  n*®D  1.5675,  MRd  71.88.  Calc.  71.26.  Found  %:  S  51.91.  CtHi,S4. 
Calculated  %:  S  52.89. 

SUMMARY 

We  have  worked  out  a  process  for  obtaining  thiolophosphates  and  phosphonates  by  the  reaction  of  dialkyldisulfides 
with  acid  phosphites,  thiophosphites,  phosphonites,  and  dialkylphosphine  oxides. 
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Monoesters  of  alkylthiophosphinic  acid  have  recently  interested  many  investigators  [1,  2];  they  are  used  as 
intermediates  in  the  synthesis  of  various  compounds.  Monoalkyl  thiophosphonatea  were  first  obtained  [1]  by  the  scheme 

(no).^psn  (no)2PSNa  R'(R0)2PS 

- >  n'{RO)PS(ONa)  R'(RO)PS(OH) 

Later  this  process  was  somewhat  modified  [3].  Some  monoesters  of  ethylthiophosphinic  acid  were  obtained 
by  adding  sulfur  to  the  potassium  monoalkylphosphinites  [4]. 

In  the  present  work  we  have  studied  the  reaction  of  addition  of  sulfur  to  monoesters  of  methylphosphinous  acid 
in  order  to  find  a  simpler  way  to  synthesize  the  compounds. 


/OR 

CHa-P/  4-  S 

II 

O 


CHa-P^ 

II  \ 


OR 

OH 


It  was  shown  that  the  rate  of  this  reaction,  as  in  the  case  of  the  dialkylphosphites  [5],  depends  chiefly  on  the 
nature  of  the  solvent  used.  While  the  reaction  takes  place  smoothly  and  with  sufficient  speed  in  dioxane,  in  ether 
under  even  more  severe  conditions  it  scarcely  occurs.  Like  the  dialkylphosphites  [6],  monoalkylphosphonites  in 
ether  solution  bind  sulfur  only  in  the  presence  of  bases  such  as  triethylamine. 

The  rate  of  reaction  of  sulfur  with  monoalkylphosphonites  is  greater  than  with  dialkylphosphites,  which  agrees 
fully  with  the  change  in  electron  density  on  the  phosphorus  atom.  By  analogy  with  the  dialkylphosphites  [7]  we 
can  consider  that  the  addition  of  sulfur  to  monoalkylphosphonites  in  proton-acceptor  solvents  is  not  connected  with 
a  tautomeric  change  of  these  compounds  into  derivatives  of  trivalent  phosphorus. 

The  structure  of  the  resulting  monoalkylthiophosphinic  acid  was  shown  by  its  conversion  to  a  salt  and  a  neutral 

ester. 


The  monoesters  of  methylphosphinous  acid,  not  previously  described  in  the  literature,  were  obtained  with 
yields  of  90^o  by  reaction  of  methyldichlorophosphine  with  alcohols  in  the  presence  of  tertiary  amines  at  a  mole  ratio 
of  reagents  of  1  :  2  :  1,  respectively. 


CHiPCU  4-  2ROH  4-  R'sN 


CH3P 


/ 


OR 


4-R'3N  ‘HCl-f  RCl 


In  selecting  the  ratios  of  reagents,  the  role  of  hydrogen  chloride  acceptor  is  taken  not  only  by  the  tertiary 
amine,  but  also  by  the  neutral  phosphonite  formed  in  the  reaction  [8-10];  this  is  then  converted  to  the  monoester 
and  alkyl  chloride. 


RT(OR)2-f-HCI 


R'-P 


/ 


OR 


II 


4-RCl 


168 


The  earlier  described  method  [11-13]  for  obtaining  monoesters  of  alkylphosphinous  acid  from  alkyldichloro- 
phosphine  and  alcohols  (without  a  tertiary  amine)  in  a  number  of  cases  is  unsuitable  for  the  synthesis  of  derivatives  of 
methylphosphinous  acid.  This  is  due  to  the  great  tendency  of  these  compounds,  especially  the  lower  members  of  the 
series,  to  be  dealky lated. 


yOn 

CH3— P<  +  HCI 

r" 


CH, 


\ 


OH 

H 


+  RCl 


The  monoalkoxymethylphosphonites  are  colorless,  almost  odorless  mobile  liquids,  easily  soluble  in  organic 
solvents,  and,  for  the  lower  members  of  the  series,  in  water.  They  are  stable  on  keeping:  When  carefully  protected 
from  access  of  moisture  and  air  they  do  not  change  after  standing  for  a  year. 


The  calculated  average  values  for  atomic  refraction  of  phosphorus  (Ak)  in  the  monoesters  of  methylphosphinous 
acid  which  we  synthesized  and  the  previous  [13]  acid  ethylphosphonites  is  5.02*  which  differs  from  the  value  for  AR^ 
in  dialkylphosphites  by  0.52.*  *  Thus,  on  going  from  dialkylphosphites  to  monoalkylphosphonites  there  is  the  same 
regularity  of  change  of  AR^  as  has  been  found  for  the  compounds  of  pentavalent  phosphorus.  This  fact,  and  abo  the 
sharp  difference  of  AR^  in  mono-  and  dialkylphosphonites  (by  2.72)  suggests  that  phosphorus  in  monoalkylphosphonites, 
as  in  dialkylphosphites  [7]  and  dialkylphosphine  oxides  [15],  occurs  in  the  pentavalent  state. 


There  is  an  especially  sharp  change  in  the  value  for  AR**  (by  2.5-3  units)  in  going  from  derivatives  of  penta¬ 
valent  to  derivatives  of  trivalent  phosphorus.  This  permits  a  simple  determination  (by  specific  gravity  and  index 
of  refraction)  of  the  valence  of  phosphorus  and  indicates  the  dominant  structure  of  compounds  which  are  capable  of 
tautomeric  transformations  (dialkylphosphites,  monoalkylphosphonites).  The  value  of  AR^  in  derivatives  of  phosphorus 
with  the  same  valence  changes  to  a  lesser  degree  (0.5 -0.7  units^and  this  change  occurs  in  full  agreement  with  the 
electrophilic  character  of  the  atoms  or  radicals  bound  to  the  phosphorus. 

p 

It  should  be  remarked  that  in  view  of  the  considerable  change  in  value  of  AR  in  going  from  one  class  of 
organic  phosphorus  compounds  to  another  there  is  no  basis  for  considering  that  it  will  remain  constant  for  a  given 
class.  Therefore  the  value  of  AR^  which  is  usually  used  in  calculating  the  molecular  refraction  must  be  considered 
as  a  very  approximate  average  value.  The  agreement  or  disagreement  between  observed  and  calculated  values  of 
MR  for  organic  phosphorus  compounds  cannot  always  be  a  criterion  of  their  purity. 


EXPERIMENTAL 

Monoethyl  ester  of  methvlthioDhosphinic  acid.  To  a  solution  ofO.lmole  of  themonoethyl  ester  of  methyl- 
phosphonous  acid  in  50  ml  of  anhydrous  dioxane  was  added  0.14  g-atom  of  powdered  sulfur.  The  reaction  mass  was 
heated  with  stirring  and  weak  boiling  of  the  dioxane  until  increase  in  index  of  refraction  stopped  (1-2  hours).  After 
cooling,  the  excess  sulfur  was  filtered  off.  The  residue  after  distillation  of  the  solvent  was  a  yellow,  homogeneous 
liquid  from  which  after  standing  for  several  days  sulfur  precipitated.  The  product  freed  from  sulfur  (11.9  g,  85*^) 
was  the  practically  pure  monoester,  d*®4  1.1760,  n*®D  1.4951.  According  to  the  literature  [1],  dF®4  1.1758,  n*®D 
1.4957. 

Found  S  22.98;  P  21.90.  equiv.  144.9.  CjHgOjSP.  Calculated  S  22.87;  P  22.10.  Equiv.  140.2. 

Mixed  with  sodium  ethylate,  the  monoester  was  converted  to  the  sodium  salt,  which  after  recrystallization  from 
petroleum  ether  had  m.p.  215-216*.  According  to  the  literature  [16],  m.p.  216-218*. 

To  a  solution  of  0.05  mole  of  sodium  ethylate  (from  1.15  g  sodium  and  25  ml  of  anhydrous  ethanol)  was 
added  0.05  mole  of  the  unpurified  monoethyl  ester  of  methylthiophosphinic  acic’,  and  then  0.07  mole  of  ethyl 
bromide.  The  reaction  mass  was  boiled  with  stirring  for  three  hours,  after  whici  most  of  the  alcohol  was  distilled 
off  in  a  low  vacuum.  To  the  residue  was  added  40  ml  of  benzene  and  water  to  solution  of  the  salt.  The  benzene 
solution  was  dried  over  magnesium  sulfate  and  distilled.  We  obtained  4.8  g  (b'fJo)  of  O -ethyl -S -ethyl  methyl- 
phosphonate. 

•in  calculating  the  molecular  refraction  of  monoalkylphosphonites  Kosolapoff  [11]  without  basis  used  a  value  of 
AR^  of  4.5,  that  is,  the  average  value  for  AR^  in  dialkylphosphites. 

•  •in  a  number  of  pentavalent  phosphorus  compounds  when  the  alkoxyl  group  is  replaced  by  an  alkyl  radical  the 
value  of  AR^  also  increases  by  0.52  [13,  14]. 
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B.p,  92-93*  (9  mm).  n*®D  1.4787,  ^4  1.0942.  According  to  the  literature  [16],  b.p.  87-88*  (7  mm),  n*®D 
1.4768,  1.0951. 

Under  analogous  conditions  by  alkylation  of  sodium  monoethoxymethylthiophosphonate  with  butyl  bromide  we 
obtained  56^  of  O -ethyl -S -butyl  methylphosphonate. 

B.p.  112-114*  (9  mm),  n”D  1.4815,  d*®4  1.0454. 

Pound‘d:  S  16.38;  P  15.51.  CtHjiOjSP.  Calculated*^;  S  16.29;  P  15.78. 

Monobutylesterofmethylthiophosphinic  acid.  It  was  obtained  with  a  yield  of  82.5%  from  0  05  mole  of  the  mono - 
butyl  ester  of  methylphosphinous  acid  and  0.075  g-atom  of  sulfur  in  25  ml  of  dioxane  under  conditions  described  for  the 
ethyl  homolog;  n*®D  1.4925,  dF®4  1.1067. 

Found%;  S  19.39.  Equiv.  174.6.  CsH^OiSP.  Calculated*^:  S  19.01;  equiv.  168.1. 

Sodium  salt  had  m.p.  193-194*  (from  petroleum  ether). 

Found  *7o:  S  16.70;  P  16.12.  CsHuOjSPNa.  Calculated  7®;  S  16.81;  P  16.30. 

Monohexyl  ester  of  methylthiophosphinic  acid.  It  was  obtained  with  a  yield  of  89*7o  by  the  analogous  process 
from  0.05  mole  of  themonohexyl  ester  of  methylphosphinous  acid  and  0.075  g-atom  of  sulfur  in  30  ml  of  dioxane; 
n”D  1.4918,  <?*4  1.0560. 

Found  7o;  S  16.90;  P  15.41.  Equiv.  208.1.  CtHjtOjSP.  Calculated  T?:  S  16.31;  P  15.80.  Equiv.  196.2. 

Sodium  salt,  m.p.  161-163*  (from  petroleum  ether). 

Found  7o:  S  14.51;  P  14.07.  CyHigOjSPNa.  Calculated  7o:  S  14.65;  P  14.20. 

Reaction  of  monoethyl  ester  of  methylphosphinous  acid  with  sulfur  in  ether,  a)  A  mixture  of  0.05  mole  of 
monoethoxymethylphosphonite,  0.07  g-atom  of  powdered  sulfur,  and  25  ml  of  absolute  ether  was  heated  in  a  sealed 
tube  at  100*  for  5.5  hours.  The  index  of  refraction  of  the  solution  was  practically  unchanged.  The  starting  product 
was  recovered  by  filtration  and  distillation. 

b)  To  a  mixture  of  0.05  mole  of  monoethyl  methylphosphonite  and  0.055  g-atom  of  sulfur  in  15  ml  of  absolute 
ether  was  added  dropwise  with  stirring  a  solution  of  0.05  mole  of  triethylamine  in  5  ml  of  the  same  solvent;  weak 
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formula 
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%  P 


Mil, 
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-CHj-P 

II 
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700(15) 


84(15) 


69-70(11) 
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75—76(8) 
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103—104  (6) 


1.4221 


1.4265 


1.4209 


1.4332 


1.4270 


1.4330 


1.4371 


1.0511 


1.0305 


1.0117 


0.9967 


0.9880 


0.9825 


0.9592 


C3Hfl02P 


C4H„02P 


C4HU02P 


G5H1302P 


C511I302P 


C6H1502P 


C7H1702P 


28.33 


25.15 


25.20 


22.32 


22.40 


20.33 


18.57 


Calculated 


P  MR,* 


26.11 


30.39 


30.58 


35.45 


35.34 


39.68 


44.72 


28.70 


25.38 


25.38 


22.74 


22.74 


20.62 


18.85 


26.03 


30.65 


30.65 


35.26 


35.26 


39.88 


44.50 


'Value  of  AR*^  taken  equal  to  5.02. 


170 


heating  occurred.  The  reaction  mass  was  heated  to  boiling  until  solution  of  the  sulfur  took  place.  After  cooling  to 
-"SO*  the  ether  layer  was  separated  with  a  siphon, and  the  residue  with  good  cooling  was  treated  with  5  ml  of  concentra¬ 
ted  hydrochloric  acid.  Solid  ammonium  chloride  was  added  to  the  mixture  to  saturation  and  the  solution  was 
extracted  with  benzene.  After  distillation  of  the  solvent  in  a  vacuum,  the  residue  (4.5  g,  64.4%)  was  sufficiently  pure 
monoethyl  ester  of  methyltfiiophosphinic  acid,  ti(*®D  1.4967,  d*®4  1.1754. 

Found:  Equiv.  142.5.  CsHgOsSP.  Calculated:  Equiv.  140.2. 

The  sodium  salt  obtained  as  described  above  had  m.p.  215-217*. 

Monoesters  of  methylphosphinous  acid  (typical  process).  To  a  solution  of  0.5  mole  of  methyldichloro- 
phosphine  in  300  ml  of  absolute  ether  with  stirring  and  cooling  was  added  a  solution  of  1.0 -1.2  mole  of  anhydrous 
alcohol  and  0.5 mole  (without  excess!)  of  triethylamine  in  100  ml  of  the  same  solvent.  For  completion  of  the 
reaction  the  mixture  was  heated  for  30-40  minutes  so  that  the  ether  boiled  weakly.  During  the  whole  process  dry 
niuogen  or  carbon  dioxide  was  passed  through  the  reaction  apparatus.  After  cooling  (it  was  best  to  allow  the  reaction 
mass  to  stand  overnight),  the  amine  hydrochloride  was  filtered  off,  the  solvent  was  distilled  from  the  filtrate,  and  the 
residue  was  distilled  in  a  vacuum  in  a  current  of  inert  gas.  The  yields  of  monoalkylphosphonites  (table)  were  75-90%. 

SUMMARY 

1.  It  is  shown  that  in  dioxane  solution  monoalkoxymethylphosphonites  add  sulfur  with  formation  of  monoesters 
of  methylthiophosphonic  acid  ;  in  ether  the  reaction  occurs  only  in  the  presence  of  a  base. 

2.  The  reaction  of  methyldichlorophosphine  with  alcohols  and  tertiary  amines  at  mole  ratio  1:  2:  1  respectively, 
gives  good  yields  of  monoesters  of  methylphosphonous  acid. 
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odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
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STUDIES  IN  THE  IMIDAZOLE  SERIES 

IX.  THE  ACTION  OF  BROMOACETIC  ACID  ON  ESTERS  OF  2-MERCAPTOIMIDAZOLE 
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We  previously  studied  the  action  of  a-haloketones  and  a -haloaldehydes  on  2-mercaptoimidazole  [1,  2];  here 
there  was  alkylation  of  the  2-mercaptoimidazoles  on  the  mercapto  group.  It  was  established  that  cyclization  of  2-6- 
ketoalkyH  (aryl)-mercaptoimidazoles  to  imidazo-(2,l-b)-thiazoles  took  place  with  much  more  difficulty  than  the 
formation  of  derivatives  of  2-aminothiazole  in  the  reaction  of  thiourea  with  a -halocarbonyl  compounds. 

In  continuing  this  work  it  is  interesting  to  study  the  action  of  a-haloacids  on  2-mercaptoimidazole  and  to 
compare  the  results  with  the  action  of  a-haloacids  on  thiourea.  It  is  known  that  thiourea  reacts  easily  with  chloro- 
acetic  acid, forming  2-imino-4-thiazolidone  (pseudothiohydantoin)  [3-5].  Carrying  out  the  reaction  at  room  temper¬ 
ature  permits  isolation  of  an  intermediate  product,  formamidinomercaptoacetic  (pseudothiohydantoic)  acid  [6,  7], which 
when  heated  splits  out  a  molecule  of  water  and  cyclizes  to  pseudothiohydantoin  [7]. 

As  the  objects  for  study,  presenting  both  chemical  and  biological  interest,  we  chose  esters  of  2-mercapto¬ 
imidazole  carboxylic  acid  and  bromoacetic  acid. 

The  methyl  and  ethyl  esters  of  2-mercaptoimidazole-5(4)-carboxylic  acid  have  been  described  before  [2]  as 
have  the  diethyl  ester  of  2-mercaptoimidazole -4,5 -dicarboxylic  acid  and  the  acid  itself  [8],  We  incidently  synthesized 
imidazole-4,5-dicarboxylic  acid  by  saponifying  diethyl  imidazole-4,5 -dicarboxylate.  This  method  has  a  number  of 
advantages  compared  to  the  others  described  in  the  literature  [9-11]  for  preparing  it,  since  the  substance  is  obtained  in 
satisfactory  yield  at  all  stages  and  is  of  high  quality  even  without  purifying  the  intermediate  products. 

Due  to  the  difficult  solubility  of  the  starting  imidazoles  in  water,  and  also  the  danger  of  hydrolysis  of  the  ester 
group,  the  reaction  of  bromoacetic  acid  with  diethyl  2-mercaptoimidazole-4,5-dicarboxylate  and  methyl  and  ethyl 
2-mercaptoimidazole-5(4)-carboxylates  was  carried  out  in  the  corresponding  alcohols  (methanol  or  ethanol). 

By  analogy  with  the  action  of  chloroacetic  acid  on  thiourea,  2-mercapto-4,5-dihydroimidazole  [12-14],  and 
2-mercaptobenzimidazole  [12-15],  we  could  expect  formation  of  imidazolyl-2-mercaptoacetic  acid  (A)  or  the 
products  of  its  cyclization,  imidazo-(2,l-b)-3-thiazolidones  (B). 


(A)  (B) 


However,  in  the  cases  which  we  studied,  due  to  the  catalytic  effect  of  the  hydrogen  bromide  evolved  in  the 
reaction  there  was  esterification  of  the  acid  (A)  and  formation  in  good  yield  of  the  hydrobromides  of  the  methyl  and 
ethyl  esters  of  imidazolyi-2-mercaptoacetic  acid. 

The  structure  of  the  resulting  compounds  was  shown  in  the  case  of  synthesis  of  the  dimethyl  ester  of  5(4)- 
carboxylmidazolyl-2-mercaptoacetic  acid  from  methyl  bromoacetate.  Hydrolysis  of  the  resulting  ester  in  acid  or 
alkaline  medium  led  to  complete  saponification  of  all  ester  groups  and  formation  of  the  corres{>onding  di-  and 
tricarboxylic  acids  of  the  imidazole  series.  The  structure  of  one  of  these,  4,5-dicarboxyimidazolyl-2-mercaptoacetic 


172 


acid,  was  confirmed  by  its  synthesis  from  4,5-dicarboxy>2>mercaptoimidazole  and  bromoacetic  acid  in  a  water 
medium. 


In  distinction  from  the  cyclic  derivatives  of  thiourea,  2-mercaptoimidazoles,  unsubstituted  thiourea  in  reaction 
with  bromoacetic  acid  or  its  methyl  ester  under  analogous  conditions  (carrying  out  the  reaction  in  methanol)  did  not 
form  the  methyl  ester  of  p>seudothiohydantoic  acid,  but  its  cyclization  product,  pseudothiohydantoin. 

CO-NIK 

H2NCSNH2  + BrCHjCOOR - ; - ►  1  V.=NII 

— HBr  /■•II  c/ 

-ROM  ‘'"2 3 

II  =  H,  CH,. 


EXPERIMENTAL 

Diethyl  ester  of  2-mercaptoimidazole-4,5-dicarboxylic  add  (I),  This  was  prepared  by  the  method  of  Jones  [8] 
with  the  difference  that  in  the  Claisen  reaction  we  used  benzene,  not  ether,  as  the  solvent.  Long  yellow  prisms  (from 
dichloroethane)  or  short,  thick  prisms  (from  ethanol  or  water)  with  m.p.  203.6-204.5*  (with  foaming);  according  to 
[8],  m.p.  204-205* ;  the  substance  is  easily  soluble  with  heat  in  the  lower  alcohols,  acetone,  dichloroethane,  chloro¬ 
form,  ethyl  acetate,  dioxane,  and  glacial  acetic  acid;  very  poorly  soluble  in  methylene  chloride,  carbon  tetrachloride, 
benzene,  ether,  ligroin,  and  water. 

2-Mercaptoimidazole-4,5-dicarboxylic  acid  (11).  Obtained  by  the  method  of  Jones  (8],  Yield  of  technical 
product  91.3*^,  m.p.  244-245*  (decomposition).  Yellow  or  orange  crystals,  very  little  soluble  with  heat  in  most 
organic  solvents,  easily  soluble  in  hot  water  with  formation  of  a  colorless  solution.  The  compound  crystallizes  in  a 
yellow  (anhydrous)  and  an  orange  (dihydrate)  form.  After  recrystallization  from  water  it  forms  short,  thick,  orange 
prisms,  and  from  aqueous  alcohol,  fan  shaped  plates  of  dihydrate  which  darkens  at  272-275*  and  melts  at  292-295* 
(decomposition). 

Found‘d;  C  26.46;  H  2.25;  N  12.64;  S  14.40.  C*H^4N,S  •  2H,U.  Calculated  C  26.79;  H  3.59;  N  12.49; 

S  14.30. 

In  recrystallization  of  the  dihydrate  from  dilute  hydrochloric  acid,  from  water  with  addition  of  several  drops  of 
hydrochloric  acid  to  the  cold  solution,  or  on  simple  washing  of  the  dihydrate  on  the  filter  with  dilute  hydrochloric 
acid,  the  anhydrous  yellow  form  results,  with  m.p.  245-246*  (decomposition);  according  to  [8],  m.p.  251-252^. 

Found‘d:  C  32.57;  H  2.11;  N  14.74;  S  17.25.  C;,H4p4N,S.  Calculated*^;  C  31.92;  H  2.14;  N  14.89;  S  17.04. 

Diethyl  ester  of  imidazole-4,5 -dicarboxylic  acid  (III).  Prepared  by  the  mediod  of  Jones  [8].  The  yield  of 
technical  product  with  m.p.  146-148*  was  86-90*^.  After  recrystallization  from  water,  long,  colorless  prisms  with 
m.p.  151-152*  (according  to  [8],  m.p.  151-152*),  easily  soluble  in  the  majority  of  organic  solvents  and  hot  water, 
soluble  with  difficulty  in  cold  water. 

Imidazole-4,5-dicarboxylic  acid  (IV).  A  mixture  of  6.8  g  of  ester  (III)  and  40  ml  of  24*^  aqueous  sodium 
hydroxide  was  heated  in  a  beaker  on  a  water  bath  for  2.5  hours.  The  dry  residue  was  dissolved  in  hot  water,  filtered, 
and  neutralized  with  hydrochloric  acid  to  an  acid  reaction  to  Congo.  The  resulting  precipitate  was  filtered  off,  washed 
with  water,  and  dried.  We  obtained  5.3  g  (93%)  of  substance  with  m.p.  254-267*  (melting  with  decarboxylation  in 
the  range  of  1*).  For  analysis  the  substance  was  converted  to  the  sodium  salt  [11]  (long,  colorless  needles  from  water, 
not  melting  at  290*,  easily  soluble  in  hot  water,  difficultly  soluble  in  cold  water),  which  was  converted  to  the  acid  by 
acidification  with  hydrochloric  acid.  Colorless,  fine  prisms  with  m.p.  255-267*  (in  the  range  0.5-1*,  decomposition) 
(according  to  [11],  m.p.  288*),  almost  insoluble  in  water  and  most  organic  solvents. 

Found  %:  C  38.02;  H  2.83;  N  17.95.  C5H4O4N2.  Calculated*^:  C  38.47;  H  2.58;  N  17.95. 

Methyl  ester  of  5(4)-carbomethoxyimidazolyl-2-mercaptoacetic  acid  hydrobromide  (V).  a)  A  solution  of  1.35  g 
of  the  methyl  ester  of2-mercaptoimidazole-5(4)-carboxylicacid[2]  and  1.24  g  of  bromoacetic  acid  in  10  ml  of 
anhydrous  methanol  was  boiled  for  one  hour  and  ten  minutes,  after  which  the  solvent  was  distilled  off  in  a  vacuum. 

The  colorless  crystalline  residue  was  washed  on  the  filter  with  ethyl  acetate,  then  with  ether,  and  dried.  We  obtained 
2.48  g  (93.6*70)  of  substance  with  m.p.  138-139"  (decomposition).  After  crystallization  from  a  mixture  of  carbon 
tetrachloride  and  methanol,  colorless  prisms  with  m.p.  141.5-142.5*  (decomposition),  easily  soluble  in  water,  aqueous 
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bromoacetic  acid  in  10  ml  of  water  was  boiled  for  35  minutes  .and  the  precipitate  which  separated  after  cooling  was 
filtered,  washed  with  water,  then  with  acetone,  with  ether,  and  was  dried.  We  obtained  0.72  g  (78.3*70)  of  substance 
with  m.p.  215-216*  (decomposition).  The  colorless  prisms  of  monohydrate  (from  water,  ethanol,  methanol,  or  acetic 
acid)  with  m.p.  215-216*  (decomposition)  were  well  soluble  with  heating  in  water,  lower  alcohols,  and  dioxane; 
difficultly  soluble  in  acetone  and  glacial  acetic  acid;  insoluble  in  ether,  benzene,  chloroform,  dichloroethane, 
carbon  tetrachloride,  and  ethyl  acetate. 

Found  C  31.81;  H  3.11;  N  10.67;  S  12.37;  H,0  8.10  (Fischer’s  method)  CTHgOgNjS  •  H^O.  Calculated 
C  31.82;  H  3.05;  N  10.60;  S  12.14;  HjO  6.82. 
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b)  A  mixture  of  0.47  g  of  ester  (VIII)  and  3  ml  of  25*^  water  solution  of  sodium  hydroxide  was  boiled  for  one 
hour,  after  which  the  solution  was  diluted  with  10  ml  of  water  and  neutralized  with  36*^  hydrochloric  acid  to  an  acid 
reaction  to  Congo.  The  precipitate  which  separated  was  filtered  off,  washed  with  water,  then  with  acetone  and  with 
ether,  and  was  dried.  We  obtained  0.25  g(83.3*^)  of  colorless  crystals  with  m.p.  214-215*  (decomposition)  which 
gave  no  melting  point  depression  with  the  substance  synthesized  by  method  *a”. 

2-lmino-4-thiazolidone  (pseudothiohydantoin,  X).  a)  A  mixture  of  7.61  g  of  thiourea  and  9.45  g  of  chloro- 
acetic  acid  in  45  ml  of  glacial  acetic  acid  was  carefully  heated  to  the  end  of  the  stormy  reaction,  after  which  it  was 
boiled  for  30  minutes;  a  colorless  precipitate  came  down.  After  cooling  the  reaction  mass  we  filtered  the  precipitate, 
washed  it  with  glacial  acetic  acid,  then  with  ether,  and  dried  it.  We  obtained  14.8  g  (97^)  of  hydrochloride  of  sub¬ 
stance  (X)  with  m.p.  210-220*  (decomposition).  Addition  of  sodium  acetate  to  the  water  solution  of  the  hydrochloride 
gave  the  base  (X):  colorless  long  prisms  (from  water)  with  decomposition  at  200-210*  (according  to  [7],  decompocition 
point  about  200*),  soluble  in  hydrochloric  and  glacial  acetic  acid  podium  hydroxide  solution,  and  hot  water,  slightly 
soluble  in  cold  water,  almost  insoluble  in  most  organic  solvents. 

b)  A  mixture  of  7.61  g  of  thiourea  and  13.9  g  of  bromoacetic  acid  in  45  ml  of  glacial  acetic  acid  was  heated 
and  treated  as  described  above.  We  obtained  18.93  g  (88.5%)  of  hydrobromide  of  compound  (X)  with  m.p.  210-215*. 
Colorless  prisms  (from  ethanol  or  methanol),  soluble  in  water  and  lower  alcohols  (with  heating),  difficultly  soluble 
in  glacial  acetic  acid.  Part  of  the  hydrobromide  was  dissolved  in  warm  water  .and  sodium  acetate  was  added  to  the 
solution.  The  colorless  prisms  which  precipitated  were  filtered,  washed  with  water,  ethanol,  and  ether,  and  then 
were  dried.  We  obtained  base  (X)  with  decomposition  point  203-208*.  A  sample  mixed  with  (X)  prepared  by  method 
"a*  had  decomposition  point  203-209*. 

c)  A  solution  of  3.8  g  of  thiourea  and  7  g  of  bromoacetic  acid  in  50  ml  of  methanol  was  boiled  for  70  minutes 
with  simultaneous  distillation  of  the  solvent,  and  at  the  end  there  was  precipitation  of  a  colorless,  crystalline  residue. 
Ether  was  added  to  the  residue;  the  precipitate  was  filtered  off,  washed  with  ether,  and  dried.  We  obtained  9.74  g 
(90.6%)  of  hydrobromide  of  compound (X)  with  decomposition  point  210-212f.  A  sample  mixed  with  the  hydrobromide 
obtained  by  method  "b”  gave  no  melting  point  depression.  Part  of  the  hydrobromide  was  dissolved  in  warm  water  and 
decomposed  with  sodium  acetate.  Colorless  prisms  separated  with  decomposition  point  200-210*,  shown  identical  with 
compound  (X)  obtained  by  methods  "a*  and  "b*. 

d)  A  solution  of  2  g  of  thiourea  and  4.2  g  of  methyl  bromoacetate  in  25  ml  of  methanol  was  boiled  for  15 
minutes  with  simultaneous  distillation  of  the  solvent  (at  the  end  in  a  vacuum).  The  crystalline  precipitate  was 
washed  with  ether,  filtered,  and  dried.  We  obtained  5.36  g  (98.8%)  of  substance  with  decomposition  point  210- 
214*.  A  sample  mixed  with  hydrobromide  of  (X)  prepared  by  method  "b"  gave  no  depression  of  the  decomposition 
point.  Part  of  the  hydrobromide  was  treated  with  sodium  acetate  as  in  the  previous  experiments.  We  obtained 
colorless  prisms  of  the  base  (X)  with  decomposition  point  200-210*.  A  sample  mixed  with  (X)  prepared  by  method 
"a*  gave  no  depression  of  the  decomposition  point. 


SUMMARY 

We  have  studied  the  action  of  bromoacetic  acid  on  esters  of  2-mercaptoimidazole-5(4)-'carboxylic  and  2-mer- 
captoimidazole-4,5-dicarboxylic  acids.  We  have  shown  that  when  the  reaction  is  carried  out  in  alcohol  there  are 
formed  esters  of  5(4)-carbalkoxy-  and  4,5-dicarbalkoxyimidazolyl-2-mercaptoacetic  acid.  Saponification  of  these 
esters  gave  the  previously  undescribed  5(4)-carboxy-  and  4,5-di-carboxyimidazolyl-2-mercaptoacetic  acids. 
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As  was  shown  in  previous  communications  [1,  2]  O-methylcaprolactim  is  very  easily  condensed,  because  of 
the  CHgO  group,  with  compounds  which  have  a  mobile  hydrogen  atom  on  carbon  or  nitrogen  [3].  The  resulting 


primary  condensation  products  due  to  lactim -lactam  tautomerism 


/ 


NH 


N:=x 


(where 


X  =  RR}C  or  NR)  are  then  easily  cyclized  into  five-membered  heterocycles  (imidazoles,  triazoles,  tetrazoles). 

We  would  expect  that  the  cyclic  amidine  (I)  formed  from  O-methylcaprolactim  and  ammonium  salts  would 
also  condense  easily  with  B -dicarbonyl  compounds  with  the  formation  of  1, 2 -pentamethylenepyrimidine\ analogous 
to  the  condensation  of  2-aminopyrimidine  with  B -dicarbonyl  compounds  with  formation  of  oxopyrimidines  [4]. 

Experiments  fully  confirmed  our  idea:  In  the  condensation  of  caprolactam  amidine  (I)  sulfate  in  the  presence 
of  sodium  ethylate  with  malonic  and  ethylmalonic  esters  we  obtained  good  yields  of  4,6-dioxo-l,2-pentamethylene- 
1,4,5,6-tetrahydropyrimidines  (II)  and  (III). 
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(li)  R  =  H. 
(III)R  =  C,H,. 


Attempts  at  condensation  under  these  conditions  of  the  amidine  (I)  with  diethyl  or  phenylethylmalonic  esten 
did  not  give  positive  results,  evidently  because  of  the  imp>ossibility  of  enolization  of  the  disubstituted  malonic  ester 
[5].  We  were  also  unsuccessful  in  experiments  with  the  alkylated  pyrimidine  (m)  and  also  the  diamide  of  phenyl- 
malonic  acid  with  ethyl  bromide  in  the  presence  of  sodium  alcoholate.  In  this  case  there  was  a  passivating  action  of 
the  two  carbamide  groups  on  the  mobility  of  the  a -hydrogen  atom. 


As  a  representative  of  the  monooxopyrimidines  we  have  synthesized  l,2-pentamethylene-4-methyl-6-oxo-l,6- 
dihydropyrimidine  by  condensation  of  amidine  (I)  with  acetoacetic  ester  in  the  presence  of  sodium  alcoholate.  Since 
here  pyrimidine  cyclization  can  occur  in  two  directions,  we  ran  a  countersynthesis  of  one  of  the  possible  reaction 
products  (IV)  and  (V). 
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Compound  (IV)  was  synthesized  by  condensation  of  O-methylcaprolactim  with  6  -  aminocrotonic  ester.  It  was 
completely  identical  with  the  reaction  product  from  amidine  (I)  with  acetoacetic  ester. 

A  more  complex  6-oxopyrimidine  was  obtained  in  the  reaction  of  O-methylcaprolactim  with  anthranilic  acid 
in  alcohol  medium.  This  condensation  occurs  very  easily  with  formation  of  2,3 -pentamethylene -3 ,4-dihydro -4- 
quinazolone  (VI) 
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There  may  be  interest  in  the  biological  properties  of  these  compounds.  In  this  connection  we  synthesized 
from  2-hydrazino-A*’* -homopiperidine  [1]  and  butyl  glyoxylate  the  stereoisomer  of  the  oxopyrimidines,  an  analog 
of  6-azauracil  which  has  an  anticancer  action  [6],  3,4-pentame\hylene-4,5-dihydro-l,2,4-triazin-6-one  (VII). 
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We  are  continuing  the  study  of  the  synthesis  of  heterocycles  from  caprolactam. 

EXPERIMENTAL 

Sulfate  and  nitrate  of  caprolactam  amide  (I).  A  mixture  of  25.4  g  of  O -methylcaprolactim  and  13.5  g  of 
anhydrous  ammonium  sulfate  was  shaken  for  43  hours  in  50  ml  of  anhydrous  methanol  at  room  temperature.  During 
the  reaction  there  was  a  change  in  consistency  of  the  precipitate.  Then  the  reaction  mass  was  partly  evaporated;  the 
precipitate  was  filtered  off,  washed  with  a  small  amount  of  alcohol,  and  dried;  the  yield  of  caprolactam  amidine 
sulfate  was  31.45  g  (97.67*70),  m.p.  210-212"  (dark  melt).  For  analysis  0.25  g  of  substance  was  recrystallized  from  a 
mixture  of  20  ml  of  anhydrous  alcohol  and  20  ml  of  absolute  ether:  platelets,  m.p.  223-225*  (decomposition). 

Found  S  9.76.  CsHuNj  •  y2H2S04.  Calculated  S  9.93. 

Analogously  from  O-methylcaprolactim  and  ammonium  nitrate  we  obtained  caprolactam  amidine  nitrate, 
m.p.  128-129*  with  a  yield  of  96.8T7o. 

Found  *70:  C  40.91;  H  6.86;  N  24.02.  C6H12N2  *  HNOj.  Calculated  C  41.14;  H  7.42;  N  24.00. 

4.6- Dioxo-l,2-pentamethylene-l,4,5,6-tetrahydropyrimidine  (U),  To  C2H50Na  (prepared  from  5  g  of  Na  and 
150  ml  of  anhydrous  alcohol)  was  added  18  g  of  malonic  ester  and  then  16.1  g  of  caprolactam  amidine  bisulfate;  the 
mass  was  boiled  for  30  minutes  and  a  precipitate  gradually  came  down;  the  mixture  was  evaporated  dry  and  on  the 
residue,  with  ice  cooling,  was  poured  50  ml  of  watei;and  the  resulting  solution  was  acidified  with  2(77o  hydrochloric 
acid  to  a  pH  about  6.  The  precipitate  was  filtered  off  and  washed  with  chloroform;  the  mother  liquor  was  extracted 
with  chloroform.  The  chloroform  solutions  were  combined,  dried  with  sodium  sulfate,  and  evaporated;  we  obtained 
14.7  g  (81.5*7o)  of  substance  with  m.p.  180-18T  ;  after  crystallization  of  2.2  g  of  substance  from  20  ml  of  alcohol, 
m.p.  218-220*  (platelets).  The  substance  was  difficultly  soluble  in  ether,  acetone,  benzene,  and  ethyl  acetate; 
easily  so  in  chloroform,  alcohol,  and  water;  it  was  also  dissolved  by  a  5*70  solution  of  bicarbonate. 

Found  N  15.34,  15.79.  M  (titration)  183.  C9H12O2N2.  Calculated  *70;  N  15.55.  M  180. 

4.6 - Dioxo-l,2-pentamethylene-5 -ethyl-1, 4,5, 6 -tetrahydropyrimidine  (HI).  ToCH30Na  (prepared  from  5  g  of 
Na  in  150  ml  of  99.970CH3OH)  was  added  20  g  of  ethylmalonic  ester  and  16.1  g  of  caprolactam  amidine  sulfate;  the 
mixture  was  coiled  for  1.5  hours,  evaporated,  and  treated  as  in  the  previous  experiment;  we  obtained  13.7  g  (65.87%) 
of  substance  with  m.p.  202-206*  ;  after  crystallization  of  4  g  from  a  mixture  of  25  ml  of  benzene  and  1.5  ml  of 


methanol,  m.p.  213-215*  (leuahedra).  The  substance  was  easily  soluble  in  methanol  and  chloroform,  soluble  with 
difficulty  in  water,  acetone,  ethyl  acetate,  and  ether;  it  did  not  evolve  COj  from  a  bicarbonate  solution. 

Found  %.  N  13.40.  CuHnO,N,.  Calculated  N  13.45. 

l,6-Dihydro-l,2-pentamethylene-4-methyl-6-oxypyrimidine  (IV).  a)  To  a  solution  of  C|i^ONa  (prepared 
from  5  g  Na  and  150  ml  of  anhydrous  alcohol)  was  added  14  g  of  acetoacetic  ester  and  16.1  g  of  amidine  sulfate;  the 
mixture  was  boiled  for  one  hour;  to  the  residue  cooled  with  ice  was  added  40  ml  of  cold  water, and  the  resulting  solu¬ 
tion  was  extracted  with  chloroform;  the  extract  was  dried  with  sodium  sulfate  and  evaporated;  we  obtained  14.2  g 
il9,l'flo)  of  substance  with  m.p.  83-86’;  after  crystallization  from  ether,  m.p.  84.5-86.5*.  The  substance  was  easily 
soluble  in  water  (pH  about  8),  alcohol,  and  chloroform;  more  difficultly  in  ether,  benzene,  and  ethyl  acetate. 

Found‘d;  N  15.84.  CioHi4PNi.  Calculated  <70;  N  15.84. 

b)  To  a  suspension  of  11  g  of  6-  aminocrotonic  ester  [7]  in  5  ml  of  anhydrous  alcohol  during  ten  minutes  was 
added  dropwise  12  ml  of  0-methylcaprolactam;  with  further  stirring  the  reaction  mass  was  heated  to  28*  and  every¬ 
thing  dissolved;  with  further  stirring  for  45  minutes  the  temperature  fell  to  21*.  The  mixture  was  heated  at  80*  for 
30  minutes  and  evaporated.  The  residue  was  dissolved  in  ether  and  precipitated  with  n-hexane;  5  g  of  substance  pre¬ 
cipitated, and  after  crystallization  from  ether  we  obtained  2.5  g  with  m.p.  84-86* ;  a  sample  mixed  with  that  obtained 
by  process  "a"  gave  no  melting  point  depression. 

From  the  mother  liquors  after  treatment  with  a  21*70  alcoholic  solution  of  HCl  we  obtained  6  g  of  hydrochloride 
of  l,6-dihydro-l,2-pentamethylene-4-methyl-6-oxopyrimidine, which  after  crystallization  from  anhydrous  alcohol 
had  m.p.  231-233*.  Total  yield  48.8%. 

Found  %:  Cl  16.54,  16.58.  CjoHuON,  •  HCl.  Calculated  %:  Cl  16.55. 

2.3- Pentamethylene-3.4-dihydroquinazol-4-one  (VI).  To  a  suspension  of  14  g  of  anthranilic  acid  in  20  ml  of 
anhydrous  alcohol  in  the  course  of  10  minutes  was  added  dropwise  13  g  of  O-methylcaprolactim;  there  was  a  rise  in 
temperature  in  the  reaction  mass  to  45*.  The  resulting  solution  was  cooled  with  water  and  after  1.5  hours  stirring  was 
evaporated  in  a  vacuum;  the  residue  (21.6  g,  about  100%)  after  standing  about  12  hours  crystallized.  After  crystalli¬ 
zation  of  1.9  g  of  substance  from  a  mixture  of  30  ml  of  ether  and  1  ml  of  alcohol,  m.p.  95-96.5*. 

2.3- Pentamethylene-3,4-dihydroquinazol-4-one  was  difficultly  soluble  in  water,  dilute  alkali,  and  ether,  and 
easily  so  in  alcohol,  chloroform,  benzene,  acetone,  and  ethyl  acetate. 

Found  %;  N  13.01.  CuHi^Nj.  Calculated  %:  N  13.08. 

2.3- Pentamethylene-3,4-dihydroquinazol-4-one  hydrochloride  was  obtained  by  treating  the  base  as  a  15% 
alcoholic  solution  with  an  alcoholic  solution  of  HCl;  platelets  with  m.p.  209-211*. 

Found  %:  N  11.16;  Cl  13.84.  CisHi^Nj  *  HCl.  Calculated  %:  N  11.17;  Cl  14.17. 

3.4- Pentamethylene-4,5-dihydro-l,2,4-triazin-6-one  (VII).  To  a  solution  of  13  g  of  butyl  glyoxylate  [8]  in  50 
ml  of  anhydrous  alcohol  was  added  gradually  with  ice  cooling  12.7  g  of  2-hydtazino-^’* -homopiperidine  by  drops; 
the  mixture  was  boiled  for  one  hour,  then  evaporated;  the  residue  was  dissolved  in  20  ml  of  water;  the  water  solution 
was  extracted  with  chloroform;  the  extract  was  dried  with  sodium  sulfate  and  evaporated;  we  obtained  6  g  (36.36%) 
of  substance  with  m.p.  87-91’;  after  two  crystallizations  from  ether,  m.p.  98-100*  (large  prisms). 

The  substance  was  easily  soluble  in  water,  methanol,  acetone,  benzene,  chloroform,  and  ethyl  acetate,  more 
difficultly  so  in  ether;  it  did  not  reduce  ammoniacal  silver  oxide  solutions. 

Found  %;  C  57.86;  H  6.61;  N  25.16.  CgHuONj.  Calculated  %:  C  58.18;  H  6.66;  N  25.45. 

SUMMARY 

1.  Caprolactam  amidine,  easily  formed  from  O-methylcaprolactim  by  the  action  of  ammonium  salts,  can 
undergo  condensation  with  1,3 -dicarbonyl  compounds  giving  1,2-pentamethylene-monooxo-  or  dioxohydropyrimidines. 
The  5-alkyl  analogs  of  uracil  thus  obtained  cannot  be  further  alkylated. 

2.  Caprolactam  amidine  reacts  smoothly  with  anthranilic  acid,  forming  2,3-pentamethylene-3,4-dihydro- 
quinazol-4-one.  The  analogous  2-hydrazino-A^’* -homopiperidine  in  condensation  with  butyl  glyoxylate  easily  gives 

3,4-pentamethylene-4,5-dihydro-l,2,4-triazin-6-one. 
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3.  These  facts  indicate  the  easy  ability  of  caprolactam  amidine  to  react  in  the  tautomeric  diimino  form. 
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Alkylsulfonates  and  arylsulfonates  differ  considerably  from  each  other  in  reactivity  of  bonds.  While  in  alkyl- 
sulfonates  the  reaction  of  nucleophilic  substitution  occurs  with  rupture  of  theO— Aik  bond  [1-3],  in  the  arylsulfonates 
the  S— O  bond  is  ruptured.  The  study  of  the  effect  of  the  nature  and  position  of  the  substituent  in  the  acid  [4,  5]  and 
in  the  phenol  part  of  the  arylsulfonate  on  rate  of  hydrolysis  [6,  7]  which  we  carried  out  showed  for  them  the  acyl- 
oxygen  S]^2  mechanism.  This  mechanism  was  confirmed  by  our  studies  of  neutral  and  alkaline  hydrolysis  of  nitro- 
and  dinitrophenyl  benzenesulfonates  in  the  presence  of  HjQ**  [8].  Thus,  we  can  consider  it  to  be  established  that 
neutral  and  alkaline  hydrolysis  of  unsubstituted  and  substituted  aryl  sulfonates  proceeds  according  to  the  acyl-oxygen 
mechanism. 

While  the  use  of  the  isotope  method  permits  us  to  judge  the  point  of  rupture  of  the  bond,  the  study  of  the  effect 
of  structural  factors  on  the  kinetics  of  the  process  permits  a  judgement  of  whether  this  reaction  takes  place  by 
mechanism  S^l  or  S^2;  gives  an  indication  of  the  state  of  the  molecule  at  the  moment  of  reaction;  and,  finally, 
permits  a  quantitative  estimation  of  the  reactivity  of  the  molecule  depending  on  the  nature  and  position  of  the 
substituent. 

In  carrying  out  the  earlier  studies  we  showed  that  the  greatest  rate  of  neutral  and  alkaline  hydrolysis  occurred 
with  2,4 -dinitrophenyl  benzenesulfonate.  Therefore  it  was  interesting  to  study  in  detail  the  reactivity  of  the  dinitro- 
substituted  arylsulfonates  and  especially  to  study  the  effect  of  position  of  nitro  and  chloro  substituents  in  phenyl 
benzenesulfonate  on  the  rate  of  neutral  and  alkaline  hydrolysis. 

EXPERIMENTAL 

We  submitted  to  alkaline  and  neutral  hydrolysis  esters  of  4-chlorobenzenesulfonic  acid  and  2,6-dinitrophenol 
(I),  2,4-dinitrophenol  (H),  2,5-dinitrophenol  (III),  3,4-dinitrophenol  (IV),  2-chloro-3-nitrophenol  (VII),  2-nitro-4- 
chlorophenol  (V),  2-chloro-4-nitrophenol  (VI);  esters  of  benzenesulfonic  acid  and  2,4-dinitrophenol  (X),  2,6-dinitro¬ 
phenol  (VIII);  esters  of  mesitylenesulfonic  acid  and  2,4-dinitrophenol  (XII),  2,6-dinitrophenol  (IX);  the  ester  of 
p-toluenesulfonic  acid  and  2,4-dinitrophenol  (XI).  Most  of  these  esters  have  not  been  described  in  the  literature. 

Esters  (VIII -XI)  were  obtained*by  adding  an  alcohol  solution  of  the  benzenesulfonyl  chloride  to  an  alcohol 
solution  of  the  corresponding  phenolate.  Reaction  took  place  in  an  anhydrous  medium  with  heating  to  20-40*.  Esters 
(I-VII)  were  obtained  by  the  method  of  Ullmann  [9],  esters  (XII)  and  (IX)  by  reaction  of  equimolecular  amounts  of 
mesitylenesulfonyl  chloride  and  potassium  2,4-  or  2,6-dinitrophenolate.  The  reaction  was  carried  out  in  the  absence 
of  a  solvent  with  heating  for  two  hours  on  a  water  bath  at  80-90*.  The  solid  product  was  washed  with  water  and 
recrystallized  several  times  from  alcohol.  The  yield  of  esters  was  70-807o.  The  melting  points  of  the  esters  and 
analyses  for  sulfur  are  given  in  Table  1. 

Saponification  was  carried  out  with  alkali  in  70^^  (by  volume)  aqueous  solution  of  dioxane  at  0  and  15*  and 
initial  concentration  of  ester  of  0.0031  M  and  of  alkali  0.0084  M.  The  rate  of  hydrolysis  was  measured  by  titration 
of  excess  acid  by  alkali  in  the  presence  of  methyl  red  indicator.  A  more  detailed  description  of  the  experimental 
method  is  given  in  [6].  The  rate  constants  of  hydrolysis  were  calculated  by  an  equation  of  the  second  order  with 
account  of  the  double  consumption  of  alkali: 

•With  participation  of  student G.  Elagin. 
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Formula 


M.p. 


found 


calculated 


4-Cl-CeH4SO,OCeH3-2,6-(NOi)8 
4-Cl-CeH4SO,OCeH8-2,4-(N  0,), 
4-Cl-CeH4SO,OCeH3-2.5-  NOj), 
4-Cl-C,H4SO,OCeH3-3.4-m  O2U 
4-Cl-CeH4SO,OCeH3-2-NO.-4-Cl 
4-Cl-CeH4SO,OCeH3-2.Cl-4-N  Oj 
4-Cl-C3H4S0,0CeH3-2-Cl-3-N08 
CeH5S020C,H3-2.6-(Na.), 

Sym  -{CH3)3-CeHjS0,0CeH3-2.6-(N02)a 
CeH5SO,OC«H3-2,4-(NO,)j 
4.CH3-C«H4SOjOCeH3-2,4-(NO,)2 
Sym-  (CH3)3-C3HjS020CeH3-2,6-(N  02)3 


1  _ _ 

150—151® 

8.78 

8.93 

115—116 

8.80 

8.93 

126-127 

8.63 

8.93 

125—126 

9.08 

8.93 

91—92 

9.08 

9.19 

102—103 

8.92 

9.19 

125—126 

9.02 

9.19 

139—140 

9.95 

9.88 

165-167 

8.91 

8.73 

118—119 

9.93 

9.88 

120—121 

9.32 

9.47 

121—122 

8.84 

8.73 

TABLE  2 

Alkaline  Hydrolysis  of  2,6-Dinitrophenyl  Benzenesulfonate* 


1 

15' 

t  (min) 

a  —  lx 

b  —  * 

k 

t(min) 

a  —  ix 

b  —  3C 

h 

0 

0.00946 

0.00312 

0 

0.00946 

0.00312 

3 

0.00.548 

0.00112 

0.824 

2 

0.00429 

0.00053 

2.59 

8 

0.00416 

0.00046 

0.693 

4 

0.00372 

0.00025 

2.01 

13 

0.00378 

0.00027 

0.614 

5.5 

0.00353 

0.00015 

2.08 

^average  •  •  •  • 

0.710 

k  .... 

average 

2J22 

•Dimensions  of  k,  liter/mole  sec. 

TABLE  3 

Alkaline  Hydrolysis  of  2-Nitro-4-chlorophenyl  4-Chlorobenzenesulfonate* 


0.  1 

15' 

t(min) 

0  —  fx 

b  —  X 

k 

t(min) 

a  —  gx 

b  — X 

k 

0 

0.00946 

0.00281 

0 

0.00946 

0.00281 

13 

0.00813 

0.00205 

0.046 

3 

0.00794 

0.00205 

0.202 

25 

0.00737 

0.00167 

0.041 

10 

0.00643 

0.00129 

0.167 

60 

0.00605 

0.00101 

0.038 

16 

0.00567 

0.00091 

0.167 

^.average  •  •  •  • 

0.042 

u 

‘^average  •  •  •  • 

0.179 

Dimensions  of  k,  liter /mole  sec, 


z=  k  {a  —  2x)  (6  —  x) 


•«'  00  o  o 

05  CO  eg  -r-  M  t~  eg  eg  CO 

JCJS 


The  energy  of  activation  and  the  exponential 
factor  were  calculated  from  the  Arrhenius  equation. 

Calculation  of  the  entropy  of  activation  [10] 
was  carried  out  by  the  formula: 


^  r:  p  cvi  sf 

iri  cd  evi  esj  csi 


—  r-vTcDcoiot^inio<^ 
p  — <  iri  sf  p  p 

cc^*crJidocc^'do>o6<d 

<  CNJ  —  — . — 


i-.ir5a5t^coocr^cMoccNi 
p  vf  p  lO  p  CNJ  p  cvj  p 

05  QO  O  •  00  O  O)  05 


vr  *1  00  eg  CO  '-•r  no  05  00  cb 
egegvr>crcD— 'CO  —  egeo 


The  data  from  several  typical  experiments  on 
hydrolysis  of  the  ester  of  2,6-dinitrophenol  and  benzene* 
sulfonic  acid,  and  also  of  2-nitro-4-chlorophenol  and 
4-chlorobenzenesulfonic  acid  are  given  in  Table  2 
and  Table  3.  In  Table  4  we  give  the  basic  data  for 
the  kinetics  ofthe  nltro -substituted  arylsulfonates 
studied  in  the  present  work. 

For  the  study  of  the  neutral  hydrolysis  a  0.00016  - 
mole  sample  of  ester  was  dissolved  in  20  ml  of  70^ 
aqueous  dioxane  solution  and  was  heated  for  a  long 
time  (Table  4)  in  a  flask  with  a  reflux  condenser. 

The  acid  formed  as  a  result  of  the  hydrolysb  was 
titrated  with  0.019  N  KOH  solution  in  the  presence 
of  methyl  red.  By  amount  of  alkali  used  we  deter¬ 
mined  the  percent  of  ester  hydrolyzed. 


o^^covfcoo— •coe^^co 
•  CNi<X)a5roco 


oot^or^^Tcc— coco  —  —  00 


O  O  o  O  'T  ^ 

x'.  x:  'x.  CO  ,  ”  -m't  J? 
'Ti 

cc_  "--r  ir5_  vf  X.  o  O  Q  cj  O  eg  CJ 
C'J  M  M  CO*  eg  c^i  eg  ^  O  X 

•  *  •  •  I  •  I  -M 

«  «  CO  CO  rs 

cj  o  o  o  a  o  u  <>'  o 
OOOOOOO  ”  » 

■M  (M  •M  M  ■>!  -iX  r_)  —  O  u 

O  O  O  O  O  O  o 

c/2  ’X  (/)  (/5  c/)  C/)  c/3  ^  —  n 

X  X  =  X  X  X  X 
«D.  »  «0  «0  CO  »  CoO  V  y, 

cjCJccjcJUOcn Vco 
cacj 0  00  0=^^0  ^ 

vT  SI*  v-r  v-r  vr  vf  vr  u  (o  CJ  sr  w 


DISCUSSION  OF  RESULTS 

Comparison  of  the  rate  of  hydrolysis  of  dinitro- 
substituted  and  nitrochloro -substituted  arylsulfonates 
(Table  4)  allows  us  to  offer  a  comparative  estimate 
of  the  effect  of  nature  and  position  of  substituents  in 
the  phenol  residue  on  the  rate  of  hydrolysis  of  aryl¬ 
sulfonates.  Esters  which  contain  two  nitro  groups  in 
the  phenol  residue  are  saponified  more  rapidly  than 
in  the  nitrochlorophenyl  benzenesulfonates.  In  the 
study  of  the  effect  of  position  of  the  nitro  groups  in 
monosubstituted  esters  on  the  rate  of  their  hydrolysis, 
we  found  the  following  regularity:  o-NOj  >  p-NOj  > 

>  m-NO,  [7]. 

The  study  of  the  effect  of  introduction  of 
several  nitro  groups  into  the  phenol  part  of  the  ester 
on  rate  of  alkaline  hydrolysis  of  arylsulfonates  allowed 
us  to  arrange  the  i.'tro  groups  in  the  following  order: 

2,6-{N02)2  >  2.4-(N02)2  >  2.5-(N02)2  >  3.4-(N02)2. 

In  this  case  also  the  greatest  hastening  effect 
is  found  with  substitution  in  positions  2  and  6.  Thus, 
nitro  groups  in  the  ortho  position  do  not  show  a 
special  effect,  which  confirms  the  acyl-oxygen 
mechanism  of  hydrolysis  of  these  esters,  in  which 
the  active  reaction  center  is  the  sulfur  atom  of  the 
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sulfonic  group.  Nltro  and  chloro  substituents  in  their  effect  on  the  rate  of  hydrolysis  are  arranged  in  the  order: 

2-NO2,  4-CI>2-Cl.  4-N02>2-C1,  3-NO2. 

Evidently  the  effect  of  chlorine  as  an  electronegative  substituent  is  sl^ht  and  this  series  is  analogous  to  the 
series  of  mononitro  derivatives.  The  observed  effect  of  position  of  the  nitro  group  in  the  phenol  (with  respect  to  the 
ester  oxygen)  on  the  rate  of  hydrolysis  of  nitro-  and  dinitro-substituted  phenyl  benzenesulfonates  shows  that  in  the  acyl- 
oxygen  mechanism  of  hydrolysis  the  effect  of  coupling  of  the  p-electrons  of  the  oxygen  with  the  ir -electrons  of  the 
benzene  ring  is  of  much  greater  significance  for  the  rate  of  hydrolysis  than  is  the  inductive  effect;  in  the  latter  case 
the  NOf  groups  would  be  arranged  in  the  order: 

2-NO2  >  3-NO2  >  4-NO2. 

In  comparing  the  effect  of  nature  of  substituent  on  value  of  k,  E,  and  pZ  we  do  not  find  the  strict  regularity 
which  occurs  in  comparing  only  one  para- substituent.  In  such  a  case,  this  interrelation  is  complicated  not  only  by 
change  in  nature  of  the  substituent  but  also  by  its  reciprocal  position.  However,  for  each  separate  ester  the  change  in 
the  rate  constant  depends  on  energy  of  activation,  and  if  the  latter  is  decreased,  then  the  rate  of  reaction  is  increased. 
Independent  of  the  temperature  factor  pZ  is  increased  with  increasing  activation  energy. 

The  value  of  the  entropy  of  activation  is  negative  and  varies  from  “IS  to— 20  cal/deg  mole,  approaching 
the  value  for  the  entropy  of  activation  of  the  hydrolysis  of  benzoic  acid  esters  (—24.9)  and  differing  from  that  for  the 
reaction  ofethyl  benzenesulfonate,  for  which  it  is  — 10  cal/deg  mole.  Such  a  difference  in  entropy  of  activation 
characterizes  the  difference  in  distribution  of  electron  density  in  the  formation  of  a  transitional  structure.  The  low 
value  of  the  entropy  of  activation  in  ethyl  benzenesulfonate  indicates  that  in  the  transitional  state  of  the  reaction  of 
its  alkaline  hydrolysis  there  is  a  free,  not  a  tight.structural  bond  between  the  ester  oxygen  and  the  alkyl  carbon.  Here 
in  the  aryl  sulfonates  there  is  a  rigid  structure  dependent  on  distribution  of  electron  density  and  change  in  solvation 
with  formation  of  the  transitional  state. 

The  introduction  of  a  methyl  group  in  benzenesulfonic  acid,  which  lessens  the  positive  charge  on  the  sulfur 
atom,  lessens  the  rate  of  hydrolysis  (esters  X  and  XI).  The  introduction  of  three  methyl  groups  in  positions  2,  4,  6  creates 
a  special  hindrance  in  the  reaction  center  (esters  X  and  XII)  which  decreases  the  reaction  rate  to  a  much  lower  degree, 
in  spite  of  expectations.  This  can  be  explained  by  the  fact  that  the  benzene  ring  evidently  at  the  moment  of  reaction 
leaves  the  plane,  and  the  methyl  group  does  not  have  a  special  effect  on  the  approaching  reagents.  The  introduction 
of  a  NO2  group  in  the  ortho  position  with  respect  to  the  sulfonic  group  has  a  slowing  effect  compared  to  the  para  and 
meta  positions;  this  shows  that  in  this  case  the  benzene  ring  does  not  leave  the  plane  and  the  0-NO2  group  has  a  special 
effect  on  the  approaching  reagents  [3].  Thus,  the  departure  of  the  benzene  ring  of  benzenesulfonic  acids  from  a  plane 
occurs  only  in  the  presence  of  a  substituent  with  a  large  atomic  radius. 

Neutral  hydrolysis  was  tested  with  esters  which  show  the  greatest  rate  of  alkaline  hydrolysis.  Of  the  dinitro- 
substituted  esters,  the  lowest  rate  of  hydrolysis  is  in  esters  of  3,4-dinitrophenol.  Nitrochloro-substituted  esters,  except 
for  esters  of  2-nitro-4-chlorophenol,  are  not  hydrolyzed  by  water.  Esters  which  contain  a  methyl  group  in  the 
benzenesulfonic  portion  are  hydrolyzed  faster  than  the  corresponding  nonmethylated  esters  (in  alkaline  hydrolysis  the 
reverse  order  is  found).  This  permits  us  to  suggest  the  possibility  of  a  change  in  mechanism  of  hydrolysis .  but  this 
requires  experimental  confirmation  (for  example,  by  the  isotope  method). 

SUMMARY 

1.  We  have  prepared  ten  arylsulfonates  not  described  in  the  literature  and  have  studied  the  effect  of  nitro 
groups  and  chlorine  atoms  in  the  phenol  residue  on  the  rates  of  neutral  and  alkaline  hydrolysis. 

2.  The  effect  of  the  nitro  group  in  the  ortho  position  of  the  benzene  ring  of  the  benzenesulfonic  acid  or  the 
phenol  on  the  kinetics  of  the  alkaline  hydrolysis  of  arylsulfonates  shows  in  the  first  case  the  presence  and  in  the 
second  case  the  absence  of  spatial  hindrance.  This  confirms  the  acyl-oxygen  mechanism  of  hydrolysis  of  aryl¬ 
sulfonates. 

3.  A  considerable  effect  on  the  rate  of  neutral  hydrolysis  is  shown  by  the  polarity  of  the  ruptured  S— O  bond; 
therefore  we  submitted  to  neutral  hydrolysis  only  dinitro-substitutedphenyl  benzenesulfonates,  and  also  arylsulfonates 
which  contained  only  one  nitro  group  in  the  ortho  position. 

4.  Symmetrically  distributed  methyl  groups  in  benzenesulfonic  acid  decreased  the  rate  of  alkaline  hydrolysis 
and  increased  the  rate  of  neutral  hydrolysis. 
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In  connection  with  the  wide  utilization  of  4-aminosalicylic  acid  (PASA)  for  the  treatment  of  tuberculosis, 
various  derivatives  have  been  synthesized,  including  arylides  of  the  general  structure  (I)  [1]. 


Oil 

— CONHAr 

11,n/\^ 

(I) 


OH 


^-CONHAr 


NHj 

<li) 


Arylides  of  5 -aminosalicylic  acid  of  the  general  structure  (II)  up  to  now  had  not  been  reported.  We  have 
prepared  these  compounds  by  reduction  of  the  corresponding  nitro  compounds,  which  were  described  in  an  earlier 
communication  [2]. 


All  of  the  arylides  of  5 -aminosalicylic  acid  are  practically  insoluble  in  water,  but  they  dissolve  in  alkalies; 
on  acidification  of  the  alkaline  solutions  with  acetic  acid  the  arylides  precipitate  in  the  form  of  fine  crystals.  On 
treatment  of  the  arylides  with  hydrochloric  acid,  hydrochlorides  are  formed  which  have  poor  solubility  in  cold  water 
but  considerably  better  in  hot  water.  The  purification  of  the  arylides  of  5-aminosalicylic  acid,  was  accomplished  by 
crystallization  from  alcohol,  but  since  the  arylides  are  derivatives  of  p-aminophenol  they  readily  undergo  oxidation 
and  darken  on  storage.  Arylides  of  5-aminosalicylic  acid  are  diazotized  by  sodium  nitrite  in  hydrochloric  acid 
solution.  The  resulting  diazo  compounds  are  practically  insoluble  in  water  and  in  dilute  acids.  They  dissolve  with¬ 
out  decomposition  in  mineral  acids  only  upon  heating,  the  diazo  compounds  being  precipitated  on  cooling  these 
solutions,  in  the  form  of  white  or  slightly  cream-colored  sediment  which  on  filtration  and  water  washing  acquires  a 
yellow  color. 


The  mineral  acid  anion  (Cl'  or  SO/')  does  not  enter  into  the  composition  of  the  diazo  compounds  thus  ob¬ 
tained,  just  as  it  is  also  absent  from  the  composition  of  diazo  compounds  obtained  from  unsubstituted  p-aminophenol 
[3]  or  from  5-aminosalicylic  acid  itself  [4].  Therefore,  such  compounds  may  be  considered  as  inner  salts  of  the 
structure  (III). 


-CONHAr 


While  being  distinguished  by  high  stability  in  acidic  medium,  these  diazo  compounds  are  less  stable  in 
alkaline  medium.  In  alkaline  solutions  a  gradual  decomposition  is  observed,  accompanied  by  nitrogen  evolution, 
and  the  solution  turns  brown,  indicating  secondary  destructive  processes.  On  coupling  with  B  -naphthol  in  alkaline 
medium  the  diazo  compounds  form  red  dyes  which  are  freely  soluble  in  alcohol  and  ether,  less  soluble  in  alkali,  and 
insoluble  in  water. 


EXPERIMENTAL 


Preparation  of  Arylidea  of  5 -Aminosalicylic  Add,  A  two-gram  sample  of  the  arylide  of  5 -nitrosallcyllc  acid 
was  dissolved  In  25  ml  of  10%  sodium  hydroxide,  diluted  with  75  ml  of  water,  and  heated  to  80-90*.  Sodium  tiydro- 
sulfite  (2.2-2.5  g)  was  added  gradually  to  the  hot  solution  with  stirring  until  a  light  yellow  color 'appeared,  and  the 
mixture  was  filtered  rapidly.  Fifteen  ml  of  10^  hydrochloric  acid  was  added  to  the  filtrate,  and  then  acetic  acid  to 
weakly  acid  litmus  reaction.  The  precipitate  was  separated,  water-washed,  and  recrystallized  from  alcohol  (Table  1). 

TABLE  1 


Arylldes  of  5 -Aminosalicylic  Acid  (II) 


Melting 

point 

Empirical 

formula 

i 

'/.  N 

•/.  Cl 

Compound 

calc. 

found 

found 

Anilide  of  5-amlno- 

175-177° 

CisIlioOoNo 

12.28 

12.54.  12.59 

salicylic  acid 
4-Chloranilide  of 

5 -aminosalicylic 
acid 

208—210 

C4 

o 

10.66 

10.46,  10.65 

13.52 

13.8a 

2,5-Dichloranilide  of 

5 -aminosalicylic 

216-,220 

f’.i3H]o02N2Cl2 

9.42 

9.56,  9.56 

23.90 

24.3'^ 

2-Methoxy-4-chlor- 
anilide  of  5-amino- 
salicylic  acid 

205—208 

Ci4Hj303N2CI 

9.57 

9.77,  9.74 

12.14 

12.80 

2-Methoxyanilide  of 

5 -aminosalicylic 
acid 

180—182 

^14*^1403^2 

10.85 

11.19,  11.24 

— 

— 

4-Methoxyanilide  of 

5 -aminosalicylic 
acid 

4-Ethoxyanilide  of 

5 -aminosalicylic 
acid 

178—182 

C14H14O3N2 

10.85 

10.69,  10.70 

— 

— 

143-145 

O15H16O3N2 

10.29 

10.31,  10.25 

Preparation  of  Diazo  Compounds.  A  0.05-mole  quantity  of  the  arylide  of  5 -aminosalicylic  acid  was  dissolved 
in  100  ml  of  0.6  N  hydrochloric  acid,  and  a  solution  of  0.05  mole  of  sodium  nitrite  in  20  ml  of  water  was  added  slowly 
(dropwise)  with  stirring.  A  light  green  precipitate  formed  gradually;  this  was  filtered  off,  washed  several  times  with 
water  on  the  filter,  and  dried  lightly  at  30-40*.  Then  the  diazo  compound  was  crystallized  from  hot  hydrochloric  acid 
and  dried  to  constant  weight  in  a  thermostat  at  90-100*  and  in  a  vacuum  desiccator  over  sulfuric  acid  (Table  2). 


TABLE  2 

Arvlides  of  5-Diazosalicylic  Acid  (III) 


Compound 

Decom¬ 

position 

temper¬ 

ature 

Empirical 

formula 

•/ 

.N 

calc. 

found 

Anilide  of  5-diazosalicylic  acid 

155° 

C13H0O2N5 

17.57 

17.20,  17.41 

4Chloranilide  of  5-diazosalicylic 
acid 

2,5-Dichloroanilide  of  5-diazosali¬ 
cylic  acid 

143 

C13H8O2N3CI 

15.36 

15.21,  15.10 

149 

13.60 

13.34,  13.22 

2-Methoxyanilide  of  5-diazosali- 
cylic  acid 

130 

ChHuOsN, 

1 

15.61 

15.30,  15.20 

*With  the  assistance  of  A.  T.  D'yakonova. 
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SUMMARY 


The  previously  unreported  arylldes  of  5 “aminosalicylic  acid  have  been  prepared:  anilide,  2-methoxyanlllde, 
4-methoxyanlllde.  4-chloranlllde,  2,5*dlchloranlllde,  2-methoxy-4-chloranlllde,  and  4“edioxyanlllde. 

The  arylldes  of  S*amlnosallcyllc  acid  form  practically  water-insoluble  dlazo  compounds,  which  are  precipitated 
In  the  form  of  Inner  salts  and  are  distinguished  by  unusual  stability  In  neutral  and  acidic  media.  They  ca.,  be 
recrystalllzed  from  hydrochloric  acid  solutions  without  decomposition. 
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odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 
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SUBSTITUTED  IN  D  A  ZO  LE  -  3  -  C  A  RBO  X  A  MID  ES 


AND  3-AMINOMETH  YLINDAZOLES 

N.  K.  Kochetkov  and  N.  V.  Dudykina 

Institute  of  Pharmacology  and  Chemotherapy. 

Academy  of  Medical  Sciences.  USSR 

Translated  from  Zhurnal  Obshchei  Khimii.Vol.  31.  No.  1. 

pp.  201-204.  January.  1961 

Original  article  submitted  February  1.  1960 

The  synthesis  of  certain  indazole-3-carboxamides  and  3-aminomethylindazoles  is  described  in  the  present  com¬ 
munication.  The  starting  material  was  indazole-3-carbonitrile  (I)  [1].  the  final  stage  of  its  synthesis  (cyclization  of 
o-aminobenzyl  cyanide  Qo-aminophenylacetonitrile])  being  carried  out  according  to  Pschorr  [2].  Saponification  of  the 
nitrile  (I)  by  the  well-known  method  of  [2]  gave  indazole-3-carboxylic  acid  (II);  the  acid  chloride  (in)  was  obtained 
successfully  by  treatment  of  (II)  with  thionyl  chloride  in  benzene.  By  the  interaction  of  the  acid  chloride  (III)  with  am¬ 
monia  and  a  number  of  primary  and  secondary  amines,  indazole-3-carboxamides  (IV)  were  obtained.  This  reaction  is 
most  convenient  to  carry  out,  heating  a  mixture  of  the  components  in  toluene,  the  amine  being  taken  in  excess  to 
combine  with  the  hydrogen  chloride  evolved.  The  best  yield  of  the  unsubstituted  amide  was  obtained  by  interaction  of 
the  acid  chloride  (III)  with  liquid  ammonia. 


We  prepared  3-aminomethylindazoles  (V)  by  reduction  of  the  am  ides  (IV)  with  lithium  aluminum  hydride.  The 
most  convenient  variant  of  the  reduction  is  the  addition  of  small  portions  of  the  dry  crystalline  amide  to  an  ether  solu¬ 
tion  of  the  lithium  aluminum  hydride,  taken  in  threefold  excess;  it  is  less  convenient  to  add  the  amide  in  the  form  of 
another  suspension.  For  preparation  of  3-aminomethylindazole  itself  (VI).  indazole-3-carbonitrile  (I)  was  reduced  with 
lithium  aluminum  hydride;  the  reaction  was  carried  out  in  ether  suspension,  using  a  twofold  excess  of  the  reducing 
agent. 

EXPERIMENTAL 

Indazole -3-carbonyl  Chloride  (III).  A  5-g  quantity  of  indazole-3-carboxylic  acid  in  50  ml  of  anhydrous  benzene 
was  heated  to  boiling  for  2-2.5  hr  while  stirring  with  50  ml  of  thionyl  chloride.  Aftv  r  vacuum  distillation  to  remove 
the  benzene  and  excess  thionyl  chloride.  5.3  g  (96^)  of  a  reddish- yellow  powder  was  obtained,  insoluble  in  the  majority 
of  organic  solvents.  Recrystallization  from  a  large  quantity  of  anhydrous  benzene  gave  golden  orange-yellow  crystals, 
m.p.  313-317*. 

Found  N  15.97,  15.93.  CjH^NjCl.  Calculated  %  N  15.56. 

Substituted  Indazole-3-carboxamides  (IV).  A  suspension  of  0.011  mole  of  indazole -3-carbonyl  chloride  in  30-40 
ml  of  anhydrous  toluene  was  heated  2-3  hr  while  stirring  with  0.033-0.055  mole  of  the  appropriate  amine.  The  preci¬ 
pitated  material  was  separated  and  treated  3-4  times  with  water  to  remove  the  amine  hydrochloride,  and  the  remaining 
amide  was  dried  and  then  recrystallized  from  alcohol  (Table  1). 
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TABLE  1.  Substituted  Indazole-S-carboxamides 


H 


Yield,% 

Melting 

Empirical 

•/.N 

R 

point 

formula 

found 

calc. 

NHj 

95 

275—276° 

C8H7ON3 

25.95,  26.37 

2(  .08 

N(CIl3)2 

70 

191—193 

C,oH„ON3 

22.05,  22.23 

22.21 

N(C2H6)2 

76 

180-183 

C12H16ON3 

19.10,  19.07 

19.33 

MlCgHg 

96 

203-204 

C,4H„0N3 

17.59,  17.68 

17.71 

/  \ 

1_> 

90 

206-208  • 

CiaHigONs 

18.40,  18.65 

18.32 

N  )) 

\ _ / 

92 

183—184 

G12H13O2N3 

18.17,  17.98 

18.17 

NUCIIjCoHr 

C113  CH3  on 

81 

175-176 

CisH.sONa 

16.50,  16.30 

16.73 

N — Cll-cnCens 

61 

177—186 

C18H19O2N3 

13.71,  13.78 

13.58 

•Literature  data;  m.p.  201-203*  [3]. 

Indazole- 3-carboxamide.  A  1-g  quantity  of  indazole-3-carbonyl  chloride  was  added  with  stirring  to  45  ml  of 
liquid  ammonia.  After  standing  for  12  hr  at  room  temperature,  1.1  g  of  a  colorless  precipitate  was  obtained,  consist¬ 
ing  of  a  mixture  of  the  amide  and  ammonium  chloride;  this  material  was  treated  4  times  with  water  and  dried,  ob¬ 
taining  0.85  g  (95%)  of  the  amide.  Recrystallization  from  a  mixture  of  alcohol  and  acetone  (3;1)  gave  colorless  fine 
crystals  with  m.p,  275-276*. 

Indazole -3-(N.N-dimethylcarboxamide).  A  2-g  quantity  of  indazole-3-carbonyl  chloride  was  added  with  stirring 
to  8  g  of  dimethylamine  in  40  ml  of  cold  anhydrous  benzene  and  stirred  for  1  hr.  After  removal  of  a  small  amount  of 
precipitate,  the  benzene  filtrate  was  vacuum-concentrated  to  l/3  its  original  volume;  the  crystals  which  were  formed 
were  filtered  off  and  treated  with  water;  yield  1.7  g  (70%);  recrystallization  from  anhydrous  alcohol  with  carbon  gave 
colorless  crystals  with  m.p.  191-193*.  Literature  data:  m.p.  187-189*  [3]. 

3-Aminomethylindazole.  For  preparing  derivatives  of  3 -aminomethylindazole,  we  prepared  its  hydrochloride  by 
reducing  indazole-3-carbonitrile  with  lithium  aluminum  hydride.  To  5.3  g  of  lithium  aluminum  hydride  in  100  ml 
of  absolute  ether  we  added  with  stirring  10  g  of  indazole- 3-carbonitrile  in  100  ml  of  absolute  ether;  the  mixture  was 
heated  to  boiling  for  1  hr.  The  complex  was  decomposed  first  with  30  ml  of  moist  ether,  then  with  20  ml  of  water, 
after  which  the  solution  was  poured  onto  a  mixture  of  60  ml  of  concentrated  hydrochloric  acid  and  100  g  of  finely 
divided  ice.  To  the  transparent  solution,  obtained  by  heating  in  a  bath,  we  added  40%  NaOH  solution;  the  thick  emul¬ 
sion  which  was  formed  was  extracted  four  times  with  hot  ethyl  acetate,  and  after  drying  the  extract  over  potassium 
carbonate,  the  amine  was  precipitated  as  the  hydrochloride  by  adding  dry  hydrogen  chloride  in  ether;  yield  12.2  g 
(95%).  Recrystallization  from  75%  alcohol  (with  charcoal)  gave  colorless  fine  crystals  with  m.p.  253-255*. 

Found  %:  Cl  19.30, 19.44.  CgHgNs.HCl.  Calculated  %;  Cl  19.33. 

N -Substituted  3-Aminomethylindazoles.  The  crystalline  amide  (0.01  mole)  was  added  in  small  p>ortions  with 
vigorous  stirring  to  30-40  ml  of  an  ether  solution  containing  0.03-0.04  mole  of  lithium  aluminum  hydride,  and  the 
mixture  was  heated  1  hr;  then  the  complex  was  decomposed,  adding  20-30  ml  of  a  20%  sodium  hydroxide  solution; 
the  ether  layer  was  separated  from  the  colorless  fine  suspension,  which  was  washed  2-3  times  more  with  ether.  After 
drying  the  ether  extract  over  potassium  carbonate,  the  amine  was  precipitated  in  the  form  of  the  hydrochloride  by  add¬ 
ing  dry  HCl  in  ether.  After  recrystallization  from  a  mixture  of  alcohol  and  acetone  with  the  addition  of  ether  and 
rubbing,  the  pure  amine  hydrochloride  was  obtained  in  tlie  crystalline  state  (Table  2). 
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TABLE  2.  N- Substituted  S-Aminomethyllndazoles  — n-CHtR  •  HCi 

I  I  N 

H 


Yield 

% 

Melting 

point 

Empirical 

formula 

•/.N  1 

^  ionic  Cl 

R 

found 

calc. 

found 

calc. 

NHi 

95 

253-255° 

CBlInNn  •  HCI 

22.53 

22.83 

19.30,  19.44 

19.34 

N(CH,)2 

90 

84-80 

C.olInNa  •  MCI 

19.80,  19.67 

19.85 

16.27,  16.44 

16.74 

N(CjH5)2 

90 

195—197 

CiallnNa  •  MCI 

— 

— 

1,5.06,  1,5.12 

14.78 

NHQjHb 

93 

184-186 

CuMinNa.  MCI 

15.83,  16.33 

16.17 

14.48,  14.54 

1. 3.6.5 

/ 

95 

182—185 

CnMpNn  •  MCI 

16.34,  16.51 

16.68 

14.22,  14.07 

14.08 

N  ^ 

91 

107—115 

C,jM,r,ON,.MCl 

16.43.  16..56 

16.60 

l,3.a3.  13.75 

13.98 

NHCH2C.H6 

85 

218—220 

C,6M,«N.i.  HCI 

15.34,  1.5.18 

15.34 

13.21,  1,3.35 

12.98 

SUMMARY 

1.  N-Substituted  indazole-3-carboxaniides  have  been  prepared  by  the  interaction  of  indazole-3-carbonyl  chlor¬ 
ide  with  ammonia  and  with  primary  and  secondary  amines. 

2.  N-Substituted  3-aminomethylindazoles  have  been  prepared  by  reduction  of  the  N-substituted  indazole -3-carb¬ 
oxamides  with  lithium  aluminum  hydride. 
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CYCLOSERINE  AND  RELATED  COMPOUNDS 
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The  problem  of  the  structure  of  isoxazolidone-3  and  of  its  closely  related  derivatives,  a  class  of  compounds  which 
became  known  only  in  recent  years,  is  of  considerable  interest  in  connection  with  a  study  of  the  physiological  activity 
of  the  most  important  representative  of  this  group  of  compounds-the  antibiotic  cycloserine  (oxamycin)  and  also  in  con¬ 
nection  with  the  explanation  of  the  mechanism  of  its  antibiotic  action.  Moreover,  this  problem  is  of  interest  to  organic 
chemists  because  it  is  connected  with  the  study  of  a  new  heterocyclic  system,  which  is  similar  to  lactams.  The  data 
obuined  may  be  useful  in  solving  the  problem  of  lactim-lactam  tautomerism. 

Isoxazolidone-3  (I)  and  its  derivatives,  being  cyclic  O-substituted  hydroxamic  acids,  can  a  priori  exist  in  the 
forms  (la)  and  (Ib),  which  may  be  designated  "lactam*  and  "lactim"  or  "keto"  and  "enol"  respectively. 


Nil  IN 

(la)  (Ib) 

It  must  be  kept  in  mind  that  in  a  given  case  the  tautomeric  equilibrium  will  probably  be  shifted  so  strongly  in 
one  direction  that  the  compound  will  exist  essentially  in  one  form;  this  has  been  observed  for  many  analogous  systems 
(for  example,  a-pyridone  [1,2])  and  was  considered  in  detail  in  the  well-known  paper  of  A.  N.  Nesmeyanov  and  M.  I. 
Kabachnik  [3]. 

Substances  included  in  the  isoxazolidone-3  system  exhibit  several  properties  which  may  be  explained  by  the 
presence  of  double  reactivity.  Thus,  isoxazolidone-3  dissolves  readily  in  alkalis  and  forms  metallic  derivatives  with 
alkali  and  heavy  metals.  In  comparing  the  isoxazolidone-3  system  with  lactams  one  must  take  into  consideration  the 
fact  that  the  oxygen  atom  in  the  ring  because  of  its  ihductive  effect  may  to  a  certain  extent  "acidify"  the  nitrogen 
atom  of  the  NH  group,  thus  facilitating  the  formation  of  the  lactim  form  (Ib).  Information  is  lacking  on  the  influence 
of  the  nature  of  substituents  in  isoxazolidone-3  on  the  structure  of  the  ring. 

In  the  course  of  a  synthetic  investigation  of  cycloserine  and  of  its  analogs  carried  out  previously  in  our  laboratory 
we  studied  the  infrared  spectra  of  isoxazolidone-3  and  of  those  derivatives  which  were  of  considerable  interest  in  deter¬ 
mining  the  dependence  of  the  structure  of  the  isoxazolidone  ring  upon  the  presence  of  various  substituents  in  it.  At  the 
time  of  completion  of  this  work, literature  data  on  the  infrared  spectra  of  the  isoxazolidones-3  or  their  analogs  were 
limited  to  a  few  brief  communications.  Thus,  on  the  basis  of  the  presence  in  the  infrared  spectrum  of  cycloserine  (4-d- 
aminoisoxazolidone-3)  of  several  absorption  bands  in  the  region  of  1500-1650  cm"*  and  2100-2900  cm"*  and  absence 
of  absorption  corresponding  to  the  hydrogen -bonded  NHj  group,  it  was  concluded  that  cycloserine  is  an  inner  betaine 
and  that  it  exists  in  the  crystalline  state  in  the  form  of  a  bipolar  ion  (II)  [4,5].  On  the  other  hand,  in  the  infrared  spec¬ 
trum  of  5,6-trimethyleneisoxazinone-3  (HI)  and  of  its  unsaturated  analog  (IV)  a  band  was  observed  with  a  frequency  of 
about  1667  cm"*,  corresponding  to  an  amide  carbonyl,  and  from  this  it  was  concluded  that  compounds  (III)  and  (IV) 
have  a  lactam  structure  [6]. 
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A  more  detailed  study  has  been  made  of  the  infrared  spectra  of  hydroxamic  acids,  which  are  related  to  the  isox- 
azolidonea,  and  of  their  O-substituted  esters  [7-9].  All  authors  have  assumed  that  these  compounds  have  a  structure 
analogous  to  that  of  amides.  The  carbonyl  absorption  band  for  these  acids  is  found  at  1660-  1680  cm*^  which  is  increased 
somewhat  in  the  case  of  the  corresponding  O-substituted  esters  (1700-1710  cm'*).  Similar  conclusions  were  reached  in 
a  study  of  the  spectra  of  deuterated  hydroxamic  acids  of  the  type  RNDOD,  in  which  the  presence  of  intramolecular  hydro¬ 
gen  bonds  was  observed  [10].  The  latter  circumstance  may  be  one  reason  for  the  increase  in  the  carbonyl  band  in  the 
case  of  the  O-esters. 


The  position  of  the  absorption  band  corresponding  to  the  C  =  N  vibration  is  less  definite  and  is  subject  to  major 
influences  from  various  factors  (conjugation  [11-13],  ring  strain,  conversion  of  nitrogen  into  the  positive  quadrivalent 
state  [14-15],  state  of  aggregation  [16],  and  others). 

In  a  case  very  similar  to  ours  where  two  atoms  of  oxygen  were 
adjacent  to  the  C  =  N  bond  a  band  having  the  frequency  1622  cm"*  was 
attributed  to  the  C  =  N  vibration  [8].  The  presence  of  a  negative  charge 
on  one  of  the  oxygens  (in  the  system  O— C  =  N— O)  probably  favors  a 
further  decrease  in  frequency.  Thus,  in  the  case  of  the  silver  salt  of 
"albucid*  the  highest  absorption  band  (for  the  region  1500  -  1700  cm  *) 
is  found  at  1597  cm"*;  the  salts  of  a  number  of  oxy  derivatives  of  hetero¬ 
geneous  compounds  absorb  at  1530  -  1600  cm**  [17], 

EXPERIMENTAL 

We  investigated  the  infrared  spectra  of  the  simplest  isbxazolidone 
and  several  of  its  derivatives— cycloserine,  its  N-acyl  and  N-methyl 
derivatives,  and  also  the  potassium  and  silver  salts  of  isoxazolidone-3. 

All  these  compounds  were  prepared  by  M.  Ya.  Karpeiski,  E.  S.  Severln, 
and  R.  M.  Khomutov  using  methods  described  in  previous  papers,  and 
they  were  analytically  pure.  The  potassium  salts  of  isoxazolidone  and 
its  methyl  analog  were  exceptions  because  their  high  hygroscoplclty 
resulted  in  unsatisfactory  analyses;  however,  the  method  of  preparing 
them  excluded  the  presence  of  impurities  other  than  water.  The  infrared 
spectra  were  recorded  in  the  region  of  1500-3500  cm"*  with  an  IKS-12 
spectrometer,  the  compounds  being  the  form  of  a  paste  with  vaseline  and 
with  a  polyfluorinated  oil.  A  sodium  chloride  prism  (calibrated  in  cm 
[18])  was  used.*  The  accuracy  of  the  measurements  in  the  region  of  the 
C==  O  bond  was  ±2-3  cm"*,  and  the  region  of  the  valence  vibrations  of 
double  bonds  (1500-1700  cm"*)  was  used  in  interpreting  the  fundamental 
vibration.  The  spectra  obtained  are  shown  in  Figs.  1-3. 

DISCUSSION  OF  RESULTS 

The  spectrum  of  isoxazolidone-3  (Fig.  1)  contains  an  intense  absorption  band  at  1670  cm'*,  which,  on  the  basis 
of  spectral  data  on  compounds  (III),  (IV),  and  hydroxamic  acids,  which  we  have  already  discussed  in  detail  in  the  intro¬ 
duction,  may  be  attributed  to  the  carbonyl  frequency  of  the  amide  group— CONH—.  It  may  be  concluded  therefore  that 
isoxazolidone-3  in  the  crystalline  state  exists  in  the  lactam  form  (la).  A  considerable  shifting  of  the  band  of  the  NH 
group  (2944  cm'*  from  its  usual  position  for  secondary  amides  of  3320-  3070  cm'*),  as  well  as  its  "diffuseness",  indi¬ 
cates  the  presence  of  strong  intermolecular  hydrogen  bonds.  Furthermore,  one  must  consider  the  possibility  of  the  direct 


•Cycloserine,  N-methylcycloserine,  N  -  be  n  zo  y  Icyc  loser  ine,  and  isoxazolidone -3  were  also  studied  with  a  LIF  prism. 


Fig.  1.  Infrared  spectra  of  compounds  in 
the  crystalline  state.  1)  Isoxazolidone-3; 
2)  4-aminolsoxazolidone-3;  3)  4-methyl- 
aminoisoxazolidone-3;  4)  4-N-benzoyl- 
aminoisoxazolidone-3. 
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Influence  of  the  oxygen  atom  in  the  ring  on  the  strong  and  stable  N-H  bond.  The  comparatively  weak  bands  at  1630 
and  1640  cm"*  in  the  region  of  1500-1700  cm"*  in  the  spectra  of  cycloserine  (V)  and  N-methylcycloserine  (VI)  (Fig.l) 
may  be  attributed  to  6sNH<|t  and 

RNH-| - 1=0  I - j=0  I - |-OMe 

1  NH  1  N— R  N 

Xq/  Xq/  ^0^ 

(V) R  =  H,  (VUl)  R  =  C,H,CO,  (IX)Me=K, 

(VI)  RzrCH,  0,NC.H,CO,  (X)Me  =  Ag. 

(Vll)  R  =  C;.H.CO,  CH.OCO, 

A  very  wide  absorption  band  at  1548  cm’*  in  the  spectrum  of  (V)  is  probably  attributable  to  vibrations  of  the 
groups  C  =  N  and  6asNH8^;  the  band  at  1560  cm  *  in  the  spectrum  of  (VI)  is  apparently  connected  with  vibrations  of 
the  C  =  N  group  only,  because  the  vibrations  of  6j^5NH2'*'  in  the  spectra  of  N -substituted  amino  acids  were  not  observed 
[19],  Much  broader  bands  were  observed  in  the  high-frequency  region  of  the  spectra,  which  are  also  characteristic  of 
a-amino  acids  [19,20]. 


Fig.  2.  Infrared  spectra  of  acyl  derivatives  of  isox- 
azolidone-3  in  the  crystalline  state.  1)  N -Benzoyl- 
iso  xazolidone -3;  2)  N-p-nitrobenzoylisoxazolidone- 
3;  3)  N-carbomethoxyisoxazolidone-3. 


Fig.  3.  Infrared  spectra  of  isoxazolidone  and 
its  salts  in  the  crystalline  state.  1)  Isoxazoli¬ 
done -3;  2)  silver  salt  of  isoxazolidone -3;  3) 
potassium  salt  of  isoxazolidone -3;  4)  potassium 
salt  of  4-methylisoxazolidone-3. 


The  N-benzoylcycloserir»e  (VII)  spectrum  contains  a  band  at  1656  cm'*  which  is  characteristic  of  the  benzoyl- 
amino  group  outside  of  the  ring;  this  same  group  accounts  for  another,  less  intense  band  at  1540  cm"*[  amide  band  of 
(II)];  a  band  at  1686  cm"*  is  characteristic  of  the  C  =  0  group  of  the  isoxazolidone  ring.  It  is  seen  that  the  frequency 
of  this  band  is  somewhat  high  by  comparison  with  the  frequency  of  the  same  group  in  isoxazolidone-3  itself.  This  may 
be  explained  by  an  inhibiting  action  of  the  benzoylamino  group  and  by  a  weakening  of  the  hydrogen  bonds.  This  expla 
nation  is  also  supported  by  a  marked  decrease  in  the  over-all  absorption  and  the  formation  of  narrower  bands  in  the 
region  of  3300-3000  cm’*  in  spite  of  the  fact  that  in  (VII)  by  comparison  with  (I)  there  are  two  NH  groups. 

Comparison  of  the  data  presented  leads  to  the  following  conclusion.  Isoxazolidone-3  exists  in  the  carbonyl 
(lactam)  form  (la),  and  the  influence  of  the  inductive  effect  of  the  oxygen  in  the  ring  is  insufficient  to  favor  the  enol 
(lactim)  form.  However,  the  introduction  of  a  strongly  polar  nucleophilic  group  in  the  a-position  to  the  carbonyl  [NHj 
in  (V)  and  CHsNH  in  (VI)]  has  the  effect,  well  known  in  amino  acids,  of  giving  cycloserine  and  its  N-methyl  analog 
the  structure  of  a  bipolar  ion,  which  may  be  considered  to  be  a  "limited  lactim*  structure.  This  influence  of  a  nucleo¬ 
philic  group  on  the  structure  of  the  ring  is  well  illustrated  in  the  case  of  the  N -benzoyl  derivative  (VII) .where  the 
nucleophilic  nature  of  the  amino  group  is  decreased  by  the  introduction  of  the  benzoyl  group  so  that  the  effect  descri¬ 
bed  above  is  not  observed,  and  the  compound  (VII)  again  has  the  lactam  structure. 


It  Is  possible  that  the  N-benzoylamino  group  may  also  exert  some  influence  on  the  electronic  structure  and 
chemical  behavior  of  this  ring;  for  example,  it  may  decrease  the  mobility  of  the  NH  group  and  thus  hinder  the  acyla¬ 
tion  of  the  heterocyclic  ring. 

It  was  shown  previously  [21]  that  the  same  N-acyl  derivatives  (VIII)  are  obtained  regardless  of  whether  the  silver 
or  the  potassium  salts  are  used  in  the  acylation  of  the  metal  derivatives  of  isoxazolidone-3.  and  this  is  very  interest¬ 
ing.  The  Infrared  spectra  of  these  N-acyl  derivatives  are  depicted  in  Fig.  2.  There  are  two  characteristic  strong 
bands  in  the  spectra  of  all  three  compounds;  Oneband  (corresponding  to  1770,  1790,  and  1805  cm"^)  is  more  intense 
and  apparently  is  attributable  to  the  carbonyl  outside  the  ring,  while  the  weaker  band  (corresponding  to  1698,  1700, 
and  1705  cm*‘)  can  be  attributed  to  the  carbonyl  group  in  the  ring.  The  anomalously  high  frequency  of  the  C  =  0 
group  in  these  cases  may  be  explained  by  the  strong  mutual  effect  of  the  two  carbonyl  groups  attached  to  the  same 
nitrogen  atom  [8,22]  and  also  by  the  influence  of  the  oxygen  in  the  ring. 

By  comparing  the  spectra  of  the  potassium  (IX)  and  the  silver  (X)  salts  of  isoxazolidone-3  (Fig.  3)  with  the 
spectrum  of  isoxazolidone-3  itself  on  the  one  hand,  and  with  cycloserine  on  the  other  .one  can  see  clearly  the  dif¬ 
ference  in  the  first  case  and  the  similarity  in  the  second.  The  presence  of  an  intense  band  at  1560  cm~^  in  the  spectra 
of  both  salts  is  evidence  of  the  presence  of  the  C  =  N  bond;  we  showed  experimentally  that  the  scarcely  noticeable 
peaks  at  1685-1690  cm"*  in  the  spectra  of  the  potassium  salts  were  connected  with  their  hygroscopicity.  In  other 
respects  the  spectra  of  the  K  and  Ag  salts  are  identical  in  the  region  of  1500-1700  cm"*,  which  indicates  that  they 
have  a  completely  similar  structure  containing  a  C=N  double  bond  and  therefore  belonging  to  the  oxygen-metal 
type.  Thus,  isoxazolidone-3  behaves  like  several  other  heterocyclic  systems,  for  example  a-pyridone  and  other  ana¬ 
logous  compounds,  the  salts  of  which  were  shown  conclusively  by  Yu.  N.  Sheinker  [2,17]  to  have  the  oxygen-metal 
type  of  structure.  In  our  case  the  nitrogen  atom,  in  spite  of  the  additional  effect  of  the  oxygen  atom  in  the  ring,  is 
less  electronegative  than  the  oxygen  of  the  carbonyl  group,  which  therefore  makes  possible  the  formation  of  oxygen- 
metal  derivatives. 

In  conclusion  it  should  be  noted  that  in  the  case  of  isoxazolidone-3  itself  and  also  of  its  analogs  the  reason  for 
the  formation  of  two  series  of  derivatives  should  not  be  sought  in  the  tautomerism  of  these  compounds.  It  is  much 
more  probably  connected  with  the  possibility  that  a  transfer  of  an  active  center  is  involved  when  these  compounds 
react. 

The  authors  are  grateful  to  Yu.  N.  Sheinker  for  several  valuable  suggestions  in  the  discussion  of  our  results. 

SUMMARY 

1.  The  infrared  spectra  of  isoxazolidone-3,  its  K  and  Ag  salts,  N-acyl  derivatives,  and  also  cycloserine,  N- 
methylcycloserine  and  N-benzoylcycloserine  were  investigated. 

2.  The  data  obtained  indicate  that  isoxazolidone-3  and  N-benzoylcycloserine  in  the  crystalline  state  have  a 
keto  (lactam)  structure  .while  cycloserine  and  its  N -methyl  derivative  form  a  bipolar  ion  type  of  structure,  which 
shows  the  determining  influence  of  the  amino  group  in  position  4  of  the  ring  on  the  structure  of  this  heterocyclic  sys¬ 
tem. 

3.  It  was  shown  that  the  metal  derivatives  of  isoxazolidone-3  have  an  oxygen-metal  type  of  structure  regardless 
of  the  nature  of  the  metal. 
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Phosphonoisocyanatidic  dichloride  and  diethers  show  strongly  marked  properties  of  isocyanates  and  readily 
undergo  addition  at  the  — NCO  group  with  alcohols,  phenob  [1],  amines  [2],  and  phosphorous  diesters  [3].  It  was  of 
interest  to  examine  whether  hydrazine  and  its  derivatives  would  add  to  phosphonoisocyanatidic  dichloride  and  diesters. 

Exp>eriments  have  shown  that  aryl-,  benzoyl-,  and  also  1,1-dimethylhydrazines  easily  add  to  phosphonoisocyana¬ 
tidic  dichloride,  forming  1-aryl-,  1-benzoyl-,  and  l,l-dimethyl-4-(dichlorophosphinyl)semicarbazides. 

CliPONCO-f  NlIjNIIR  — ►  CljPONHCONHNUR  (I) 

1-Aryl-  andl-benzoyl-4-(dichlorophosphinyl)semicarbazides  (I)  are  colorless.crystalline  compounds  (Table  1, 
Nos.  1  and  3-6),  quite  easily  hydrolyzed  by  the  moisture  in  the  air.  Compounds  obtained  from  p-nitro-  and  2,4-di- 
nitrophenylhydrazine  are  yellow.  The  structure  of  compounds  (I)  as  1,4-disubstituted  semicarbazides  (cf.  [4])  is  strict¬ 
ly  proved  by  the  fact  that  during  hydrolysis  with  water  they  are  converted  to  1-monosubstituted  semicarbazides  (Table 
2),  thus  excluding  the  structure  of  2.4-disubstltuted  semicarbazides 

CI2PONHCONIINHR - »•  NHjCONRNHR 

hydrolysis 

Unsubstituted  hydrazine  and  phosphonoisocyanatidic  dichloride  form  a  crystalline  dihydrazine  salt  of  l,6-bisdi~ 
chlorophosphinylbiurea. 

2Cl2PONCO-|-3Nn2NH2  — >  ICl2PONCONHNHCONPOCl2l - 2(NIl3NH,l+ 

Phosphonoisocyanatidic  dichloride  and  2  moles  of  l.l-dimethylhydrazine  form  the  1,1-dimethylhydrazine  salt 
of  l,l-dlmethyl-4-(dichlorophosphinyl)semicarbazide  (Table  1,  No.  2): 

Cl2PONCO-l-2NH2N(CH3)2  (GlaPONGONHNiCHala)- INII3N(CH3)2l^ 

This  salt  forms  the  sodium  salt  of  l,l-dimethyl-4-(diphenoxyphosphinyl)  semicarbazide  with  3  moles  of  sodium  pheno 
late.  The  latter  on  acidification  yields  free  l.l-dimethyl-4-(diphenoxypho8phinyl)semicarbazide,  identical  with  the 
substance  obtained  from  diphenyl  phosphonoisocyanatidate  and  1,1-dimethylhydrazine. 

(Gl2PONGONHN(GH3)2l-  lNH3N(Gn3)2l+ 


(C„ll50)2P0NHG0NHN(GH3)2 


(C6H60)2P0NG0 


On  hydrol>’sis  of  4-(dichlorophosphinyl)- 1,1-dimethylsemicarbazide  (Table  1,  No.  2)  1,1-dlmethylhydrazlne 
was  formed;  it  was  isolated  and  identified  as  3,3-dimethyldithiocarbazic  acid. 
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TABLE  1.  4-Dichlorophosphinylsemicarbazides 
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(I)  are  insoluble  at  boiling  point  in  petroleum  ether  and  CCI4. 
••As  1,1-dimethylhydrazine  salt.  Solubility:  water  alcohol  +. 


TABLE  2.  Semicarbazides  NHjCONHNHR 


R  ^ 

ifield, 

% 

M.p. 

60 

p-cn3C„n4 

T.\ 

192—193  |«| 

p-N0.2C„H4 

71 

208—209  (7| 

2.4-(N02)2CnH3 

7.5 

212-215 

(dec.) 

C„Il5CO 

70 

218-219  |H| 

•  l-(2,4-Dinitrophenyl)semicarbazide 
Is  not  described  in  the  literature.  The 
needles  ate  organe;  soluble  on  heating 
In  water,  alcohol,  acetone,  and  dioxane. 
Found  %  N  28.24,  28.56.  CtHtObNb. 
Calculated  N  29.05. 


Oimethyl  and  diphenyl  phosphonoisocyanatidates,  and  also  phospho- 
noisocyanatidic  dichloride,  very  easily  add  aryl  hydrazines,  benzoyl 
hydrazine,  and  1,1-dimethylhydtazine,  forming  1-aryl-,  1-benzoyl-, and 
l,l-dimethyl-4-[dlmethoxy(or  diphenoxy)phosphinyl]semicarbazides  (II), 
which  are  colorless, a ysta  11  ine  compounds  (Table  3)  quite  readily  soluble 
in  the  usual  organic  solvents. 

(n(i).2r()N(’.o  f- NiijNii'n"  — ►  (noiji’ONncoNiiNn'n"  (ii) 

The  nitro  derivatives  (Table  3,  Nos.  7-10)  are  light  yellow.  Compounds 
(II)  have  characteristics  of  weak  acids:  They  are  soluble  in  aqueous  alka¬ 
line  solutions  and  are  titrated  as  monobasic  acids  with  phenolphthalein. 
Their  structure  is  proved  by  the  fact  that  they  do  not  react  with  aldehydes 
[the  structure  (ROljPONHCONR’NHj  is  excluded]  and  also  by  the  fact  that 
they  have  been  obtained  by  the  action  of  alcohol  on  compounds  (I). 

ClaPONIICONUNlin  (n'OViPONIICONIINHR 

With  dimethyl  and  diethyl  phosphonoisocyanatidates,  unsubstituted 
hydrazine  forms  l,6-bl8dimethoxy(and  diphcnoxy)phosphinylbiureas 


2(no)^poNco-f  NH2NH2  —  (no)2PONiicoNHNncoNiiPO(OR)2, 
which  are  colorless,  crystalline  substances.  They  have  the  characteristics  of  weak  acids  and  are  soluble  in  aqueous 
alkaline  solutions,  forming  very  soluble  salts. 


EXPERIMENTAL 

4-(Dlchlorophosphlnyl)semicarbazides  (I)  (Table  1).  Compounds  1-3.  To  a  solution,  cooled  to  2-3*,  of  0.1  mole 
of  phosphonoisocyanatidic  dlchloride  in  50  ml  of  anhydrous  ether  was  added  dropwise  a  solution  of  0.1  mole  of  aryl- 
hydrazine  or  0.2  mole  of  1,1-dimethylhydrazlne  in  50  ml  of  ether.  The  reaction  product  precipitated  out.  After  two 
hours  the  precipitate  was  sucked  off  in  a  current  of  dry  air,  washed  with  ether  (2  times,  10  ml),  and  dried  in  a  vac¬ 
uum  desiccator.  The  freshly  prepared  products  were  analyzed. 

Compounds  4-6.  Finely  ground  substituted  hydrazine  (0.1  mole)  was  added  to  a  solution  of  0.1  mole  of  phospho¬ 
noisocyanatidic  dichloride  in  70  ml  of  benzene.  Slight  heating  was  observed.  In  the  case  of  benzoylhydrazine  a 
change  in  the  character  of  the  precipitate  was  noticeable:  The  shiny  benzoylhydrazine  crystals  disappeared,  and  a 
fine  powder  of  1 -benzoyl -4 -(dichlorophosphinyl)semicarbazide  appeared.  The  reaction  went  to  completion  in  a  day. 

In  the  case  of  p-nitrophenyl-  and  2,4-dinitrophenylhydrazines,  the  mixture  was  boiled  about  two  hours  with  a  reflux 
condenser.  The  completion  of  the  reaction  could  be  judged  by  tlie  disappearance  of  the  dark -red  color  of  die  initial 
arylhydrazines.  The  precipitated  products  were  sucked  off  in  a  current  of  dry  air,  washed  with  benzene  (2  times, 

10  ml),  and  dried  in  a  vacuum  desiccator. 

Hydrolysis  of  4-(dichlorophosphinyl)semicarbazides  (I).  Compound  No.  1  (Table  1)  (0.02  mole)  was  added  to 
20  ml  of  IC/^  NaHCOs  solution  and  the  mixture  heated  for  5  minutes  at  60-70*.  The  substance  passed  into  solution, 
and  simultaneously  1-phenylsemicarbazide  precipitated.  After  cooling,  it  was  sucked  off,  washed  with  cold  water  (2 
times,  5  ml),  and  recrystallized.  The  identification  was  by  a  mixed  melting  point. 

A  mixture  of  0.2  mole  of  compounds  3-6  (Table  1)  and  30  ml  of  water  was  boiled  for  ten  minutes;  the  solution 
was  filtered  while  hot  and  left  standing  overnight.  The  precipitated  1-substituted  semicarbazides  (Table  2)  were  sucked 
off,  washed  with  water  (2  times.  5  ml),  and  recrystallized.  The  identification  was  by  melting  point. 

For  the  isolation  and  identification  of  1,1-dlmethylhydrazine,  which  is  the  hydrolysis  product  of  compound  No. 

2  (Table  1),  the  solution  was  boiled  down  in  vacuum  to  a  small  volume,  neutralized  with  50^  potassium  hydroxide, 
and  a  small  excess  added.  1,1-Dimethylhydrazine.  which  separated  as  an  oil,  was  isolated  and  an  equivalent  quantity 
of  carbon  disulfide  added  to  it.  An  exothermic  reaction  took  place,  and  a  crystalline  1,1-dimethylhydrazine  salt  of 
3.3-dimethyldithiocarbazic  acid  was  formed,  which  upon  treatment  with  glacial  acetic  acid  was  converted  to  color¬ 
less.  crystalline  3,3-dimethYldithiocarbazic  acid.  It  was  sucked  off,  washed  with  acetic  acid  and  ether,  and  dried  in 
air.  The  identification  was  by  a  mixed  melting  point. 
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TABLE  3.  Fhos{^inylsemicarbazides  (RO)^PONHCONHNR'R"  (H) 
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'he  yields  according  to  procedure  B  are  given  in  parentheses. 

Calculated  equiv.  1.00. 

*  All  substances  are  insoluble  in  boiling  petroleum  ether; for  solubility  symbols  see  Table  1. 


Dlh^drazlne  salt  of  1,6-bisdlchlorophosphlnylbiurea.  A  solution  of  0.04  mole  of  phosphonoisocyanatidlc  dichlo¬ 
ride  in  40  mi  of  absolute  ether  was  added  with  stirring  to  an  emulsion  of  0.06  mole  of  hydrazine  in  50  ml  of  abso¬ 
lute  ether.  The  precipitate  came  down  immediately;  it  was  sucked  off.  washed  with  ether  (2  times.  10  ml),  and  dried 
in  a  vacuum  desiccator.  Yield  91*7®.  m.p.  213-215*  (decomposition),  small  prisms.  The  salt  Is  very  soluble  In  water; 
insoluble  in  the  usual  organic  solvents. 

Found  %  N  26.45.  26.60;  Cl  34.41.  34.57.  C,HiP4NsP,Cl4.  Calculated  N  26.92;  Cl  34.13. 

Phosphinylsemicarbazides  (II)  (Table  3).A.  From  phosphonolsocyanatidates.  Compounds  1-4.  11-12.  To  a  solu¬ 
tion.  cooled  to  2-3*.  of  0.1  mole  of  dimethyl  or  diphenyl  phosphonoisocyanatidate  in  50  ml  of  absolute  ether  was 
added  dropwise  a  solution  of  0.1  mole  of  arylhydrazine  or  1.1-dimethylhydrazine.  The  mixture  was  left  standing  over¬ 
night.  The  precipitate  was  sucked  off.  washed  with  ether  (2  times.  10  ml),  dried,  and  crystallized. 

Compounds  5-8.  Dioxane  was  used  as  a  solvent  in  the  same  quantities  as  ether.  Thus  die  precipitates  often  did 
not  appear  until  1-2  hours  after  the  components  were  mixed.  Anhydrous  ether  (30-40  ml)  was  added  to  the  mixture 
for  precipitation  of  that  portion  of  substance  which  remained  in  the  dioxane  solution.  The  precipitate  was  sucked 
off,  washed  with  a  mixture  of  dioxane  and  edier  (1  :  2;  3  times,  5  ml)  and  with  ether  (2  times,  10  ml)  and  re- 
crystallized. 

Compounds  9,10.  To  a  solution  of  0.1  mole  of  dimethyl  or  diphenyl  phosphonoisocyanatidate  in  70  ml  of  diox¬ 
ane,  0.1  mole  of  finely  ground  2.4-dinitrophenylhydrazine  was  added.  The  completion  of  reaction  was  judged  by  the 
change  in  color  from  bright  red  to  light  yellow.  The  compound  was  sucked  off  on  the  following  day,  washed  with  diox¬ 
ane  (2  times,  10  ml),  dried,  and  recrystallized. 

B.  From  4-dichlorophosphinylsemicarbazides.  Compounds  1,3, 7, 9.  To  50  ml  of  cooled  anhydrous  methyl  alcohol 
0.05  mole  of  the  corresponding  4-dichlorophosphinylsemicarbazine  (I)  was  added.  The  latter  quickly  dissolved,  and 
compounds  7  and  9  began  to  precipitate  as  beautiful  thin  needles.  They  were  sucked  off,  dried,  and  crystallized.  Com¬ 
pounds  1  and  3  are  soluble  in  methyl  alcohol,  and  therefore  to  isolate  them  methyl  alcohol  was  boiled  off  in  vacuum 
and  the  residue  crystallized  from  water.  The  substances  did  not  give  a  melting  point  depression  in  a  mixture  with  com¬ 
pounds  1,3,7,  and  9  prepared  according  to  method  A. 

Compound  12.  Compound  2  (0.01  mole)  (Table  1)  was  added  to  a  suspension  of  0.03  mole  of  sodium  phenolate 
in  50  ml  of  benzene,and  the  mixture  was  boiled  for  four  hours  with  a  reflux  condenser.  After  cooling,  sodium  chloride 
was  sucked  off  and  washed  with  benzene  (2  times,  10  ml).  To  precipitate  the  sodium  salt  of  l,l-dimethyl-4-(dl- 
phenoxyphosphinyl)semicarbazide,  20  ml  of  anhydrous  ether  was  added  to  the  benzene  solution.  The  salt  was  sucked 
off.  dissolved  in  the  minimum  quantity  of  water,  and  the  solution  acidified  with  hydrochloric  acid  to  Congo  red.  1,1- 
Dimethyl-4-(diphenoxyphosphinyl)semicarbazide  separated  as  an  oil  which  gradually  crystallized  on  standing.  After 
twofold  recrystallization  from  water  the  compound  did  not  give  a  melting  point  depression  in  a  mixture  with  com¬ 
pound  12  prepared  according  to  method  A. 

1,6-Bisdimethoxyphosphinylbiurea,  (CH30)tP0NHC0NHNHC0NHP0(0CH4);.  To  an  emulsion,  cooled  to  2?,  of 
0.025  mole  of  hydrazine  in  40  ml  of  anhydrous  dioxane  was  added  dropwise  0.05  mole  of  dimethyl  phosphonoisocyana¬ 
tidate  in  100  ml  of  benzene.  The  precipitate  came  down  immediately;  it  was  sucked  off  after  three  hours,  washed 
with  10  ml  of  benzene,  and  dried.  After  recrystallization  from  water,  yield  96%,  m.p.  183-184*  (small  prisms).  The 
substance  is  soluble  in  water  and  alcohol;  insoluble  in  all  other  organic  solvents. 

Found  %  N  16.59,  16.61.  CeHi608N4P,.  Calculated  *7®:  N  16.74. 

1^6- Bisdiphenoxyphosphinylbiurea ,  (CgH^)gPONHCONHNHCONHPO(OC6H5)t  was  prepared  similarly  to  the 
above.  For  purification  it  was  recrystallized  twice  from  50%  alcohol;  small  prisms,  yield  8^®,  m.p.  188-190*.  The 
substance  is  soluble  in  alcohol,  acetone,  dioxane;  insoluble  in  water,  ether,  benz'.ne,  CCI4,  and  ligroin. 

Found  %:  N  9.44,  9.59.  Ca8HjPjN4P,.  Calculated  %;  N  9.62. 

SUMMARY 

1.  Phosphonoisocyanatidlc  dichloride  and  diesters  undergo  addition  at  the  isocyanate  group  with  hydrazine, 
benzoylhydrazine  and  arylhydrazines, forming  the  corresponding  derivatives  of  1,6-bisphosphinylbiurea:  1,1-dimethyl- 
4-phosphinylsemicarbazide,  l-benzoyl-4-pho8phinylsemicarbazide,  and  l-aryl-4-pho8phinylsemicarbazides. 

2.  The  structure  of  1-benzoyl-  and  l-aryl-4-(dichlorophosphinyl)semicarbazides  as  l,4-disub8tituted  semlcarba- 
zides  is  proved  by  the  fact  that  on  hydrolysis  they  yield  1-benzoyl-  and  1-arylsemicarbazides. 
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3.  The  structure  of  1 -benzoyl-  and  l-aryl-4-[dlmethoxy(or  diphenoxy)phos'phinyl>emicarbazldes  U  proved  by 
their  chemical  properties  and  the  synthesis  of  l-aiyl-4-(dlmethoxyphosphlnyl)8emlcatbazldes  by  the  action  of  meth¬ 
anol  on  1-aryl- 4-(dlchloropho8phlnyl)semlcarbazldes. 
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SULFONATION  AND  SULFONIC  ACIDS  OF  ACIDOPHOBIC  COMPOUNDS 
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SYNTHESIS  OF  UNSATURATED  SULFONES 

A.  P.  Terent’ev  and  R.  A.  Gracheva 
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Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  1, 
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Original  article  submitted  January  28,  1%0 


In  the  preceding  communication  [1]  it  was  shown  that  ultraviolet  irradiation  of  lu-styrenesulfonamide  (m.p. 
143*)  leads  to  formation  of  a  lower-melting  isomer  (m.p.  96*)  which  is  evidently  the  cis  isomer. 


IK  ^SOaNHz 


Ni 


C«II 


\c — c/ 


II 

SOjNHa 


This  is  supported  by  the  character  of  the  vibration  spectra  (infrared  and  Raman)  of  the  two  forms  of  the  amide. 
The  amide  with  m.p.  143*  was  synthesized  from  the  sulfonic  acid  chloride  obtained  by  sulfonation  of  styrene  with 
pyrldinesulfotrioxide. 

In  the  present  work  we  showed  by  chemical  methods  that  the  sulfonic  acid  of  styrene  and  its  derivatives  (amide 
and  chloride)  are  trans  isomers. 

Even  a  comparison  of  the  reactivities  of  the  two  forms  of  the  amide  permits  the  conclusion  that  the  higher 
melting  amide  has  a  trans -structure.  Its  solution  in  methanol  decolorizes  bromine  water  very  much  more  slowly 
than  a  solution  of  the  same  concentration  of  the  lower  melting  amide  (21  and  7  min  respectively). 

Configuration  and  stereochemistry  can  be  determined  by  formation  of  a  cyclic  system  and  by  transformation 
of  investigated  stereoisomers  into  compounds  of  known  configuration.  In  this  work  we  made  use  of  both  methods. 

If  the  chloride  of  lu-styrenesulfonic  acid  had  cis  configuration  then  treatment  with  aluminum  chloride  should 


/?\ _ 

result  in  cyclization  with  formation  of  thionaphthene-S-dloxlde  |  ||  || 

It  was  found  that  heating  of  styrenesulfochloride  with  aluminum  chloride  does  not  give  the  sulfone;  the  com¬ 
pound  breaks  down,  with  liberation  of  sulfur  dioxide.  It  follows  that  the  original  styrenesulfochloride  has  the  trans 
configuration.  Such  a  process  of  intramolecular  cyclization  is  possible,  however,  in  principle  and  can  be  realized 
with  facility.  We  demonstrated  this  in  the  case  of  l,l-diphenylethylene-2-sulfochloride.  We  treated  the  latter  with 
aluminum  chloride  in  a  medium  of  carbon  disulfide  or  nitrobenzene  and  obtained  3 -phenylthionaphthene-S -dioxide. 


H  SO^Cl 

The  literature  mentions  two  stereoisomeric  sulfones  with  m.p.  121  and  77*.  They  were  prepared  by  a  rather 


complicated  route  [2] 
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SOaCglUCIla 
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M.p.  121' 


Colis^  \SO.,r,„H4CH3 
M.p.  77». 
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The  high-melting  isomer  evidently  has  trans  structure.  By  acting  on  styrenesulfochloride  with  toluene  in  pres¬ 
ence  of  aluminum  chloride,  we  obtained  p-tolylstyrylsulfone  with  m.p.  121*,  thus  confirming  the  trans  structure  of 
the  styrenesulfonic  acid  that  we  had  synthesized. 

We  used  (j -styrenesulfochloride  for  synthesis  of  other  unsaturated  sulfones.  Reaction  of  styrenesulfochloride  with 
dimethyl-  and  diethylaniline  in  presence  of  2  moles  of  aluminum  chloride  in  a  solution  of  the  appropriate  tertiary 
amine  gave  the  unsaturated  aminosulfones  in  good  yields. 

EXPERIMENTAL 

3-Phenylthionaphthene-S-dioxide.  A  mixture  of  0.018  mole  of  l,l-diphenylethylene-2-sulfochloride  and  0.023 
mole  of  aluminum  chloride  was  heated  in  50  ml  of  carbon  disulfide  on  a  water  bath  until  evolution  of  hydrogen  chlo¬ 
ride  ceased.  The  mass  was  decomposed  with  water  and  acidified  with  hydrochloric  acid.  Chloroform  was  added  until 
the  product  of  cyclization  had  been  completely  extracted.  The  solution  was  washed  with  water.  Distillation  of  the 
solvents  left  3.1  g  of  cyclic  sulfone  with  m.p.  161*  (from  alcohol). 

Found  %  C  69.86.  69.90;  H  4.24.  4.38.  CuHioOjS.  Calculated  C  69.42;  H  4.16. 

Nitration  of  3-phenylthionaphthene-S -dioxide.  A  solution  of  0.26  g  of  nitric  acid  (d  1.41)  in  concentrated 
sulfuric  acid  was  added  dropwise  to  a  solution  of  1  g  of  3-phenylthionaphthene-S-dioxide  in  concentrated  sulfuric 
acid.  The  reaction  was  exothermic  and  the  mixture  darkened.  The  reaction  mass  was  allowed  to  stand  for  30  min 
and  then  poured  into  ice  water;  the  nitrosulfone  was  washed  with  water.  Yield  1.1  g;  m.p.  180-181*  (decomp.). 

Found  *70;  N  4.91.  4.98.  C,4H^4NS.  Calculated  N  4.88. 

p-Tolylstyrylsulfone.  To  0.01  mole  of  sublimed  aluminum  chloride  in  25  ml  of  toluene  was  slowly  added  a 
solution  of  0.01  mole  of  styrenesulfochloride  in  25  ml  of  toluene  with  stirring.  The  aluminum  chloride  went  into 
solution;  hydrogen  chloride  at  once  started  to  come  off  and  the  solution  darkened.  The  mass  was  stirred  for  5  hr  and 
then  decomposed  with  ice  water.  The  organic  layer  was  collected  and  the  toluene  taken  off  in  vacuo.  The  residual 
oil  crystallized  rapidly.  The  sulfone  was  filtered,  washed  with  a  little  toluene,  and  recrystallized  from  methyl  alco¬ 
hol.  Yield  32f7<’;  m.p.  121*. 

Found  %  C  69.96.  70.12;  H  5.74.  5.62.  CigHj^jS.  Calculated  %  C  69.79;  H  5.46. 

p-Dimethylaminophenylstyrylsulfone.  Into  0.02  mole  of  w-styrenesulfochloride  in  30  ml  of  freshly  distilled  di- 
methylaniline  was  stirred  0.04  mole  of  aluminum  chloride  in  portions.  The  reaction  was  exothermic  and  the  color  of 
the  solution  became  dark  violet.  When  no  more  heat  was  released,  the  mixture  was  allowed  to  stand  for  4  hr  at  room 
temperature,  then  decomposed  with  ice  water  and  treated  with  concentrated  alkali.  The  organic  layer  was  collected 
and  distilled  with  steam.  The  residue  in  the  flask  was  dissolved  in  acetone  and  the  sulfone  brought  down  with  water; 
yield  5.2  g.  Recrystallization  from  alcohol  and  then  from  acetone  gave  the  sulfone  in  the  form  of  lustrous,  small, 
white  plates  with  a  blue  tinge;  m.p.  181-181.5*  (the  melt  was  green). 

Found  %  C  66.73,  66.58;  H  5.73,  5.72.  CeHnO^NS.  Calculated  %.  C  66.87;  H  5.96. 

p-Diethylaminophenylstyrylsulfone  was  similarly  prepared.  The  black  resinous  substance  remaining  after  steam 
distillation  was  dissolved  in  acetone,  the  solution  filtered,  and  the  sulfone  brought  down  with  water.  There  was  ob¬ 
tained  4.5  g  of  sulfone  in  the  form  of  light-brown,  small  needles  with  m.p.  139-140“  (from  methanol). 

Found  ‘7’:  C  68.39,  68.38;  H  6.28.  6.31.  CijHjjOjNS.  Calculated  '7<':  C  68.54;  H  6.71. 

SUMMARY 

cu-Styrenesulfonic  acid  formed  by  sulfonation  of  styrene  with  pyridinesulfotrioxide  is  shown  to  have  trans  con¬ 
figuration. 
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THIOINDIGOID  DYES 


VI.  ETHOXY-  AND  ETHOXYNITRO -SUBSTITUTED  THIOINDIGOS 
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In  continuation  of  earlier  research  [1]  on  the  color  of  unsymmetrical  thioindigoid  dyes,  we  now  examine  the 
problem  of  the  colo’  of  ethoxy-  and  nitroethoxyindigos  in  which  the  nitro  and  ethoxy  groups  are  in  different  benzene 
rings. 


Some  monosubstituted  thioindigos  have  been  described  in  the  literature  [2],  but  the  influence  of  one  substituent 
on  the  color  of  thioindigo  was  not  studied.  In  one  of  our  preceding  papers  [1]  we  examined  the  color  change  of  thlo- 
indigo  on  introduction  of  one  nitro  group  into  the  molecule  of  a  dye.  However,  derivatives  of  thioindigo  containing 
substituents  of  different  characters  in  different  benzene  rings  are  generally  unknown. 


We  synthesized  S-ethoxy-  and  6-ethoxythioindigo  as  well  as  four  isomeric  ethoxynitrothioindigos  with  substit¬ 
uents  in  the  5-  and  6- positions.  Dyes  were  prepared  by  condensation  of  5-ethoxy-  and  6 -ethoxy -3-hydroxythionaph- 
thene  with  thionaphthenequinone-2-(p-dimethylamino)-anil  (in  the  case  of  synthesis  of  monoethoxy  derivatives) 
and  with  5-nitro-  and  6-nitrothionaphthenequinone-2-(p-dimethylamino)-anil,  previously  described  by  lis  [1]  (in  the 
case  of  synthesis  of  ethoxynitro  derivatives). 


The  previously  unknown  5-ethoxy-3-hydroxythionaphthene  was  prepared  from  S-(2-carboxy-4-amlnophenyl)- 
thioglycolic  acid. 


HoN 
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Oxidation  of  5-ethoxy-3-hydroxythionaphthene  gave  5,5*-diethoxythioindigo. 

We  could  not  obtain  5-ethoxy-3-hydroxythionaphthene  by  cyclization  of  S-(4-ethoxyphenyl)-thioglycolyl 
chloride  in  presence  of  aluminum  chloride,  whereas  3-hydroxythionaphthene  and  a  series  of  its  derivatives  can  be 
obtained  under  these  conditions  from  the  corresponding  derivatives  of  S-phenylthioglycolic  acid  (see  for  example 
[2]). 
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TABLE  1 


Prep.  no. 

Name  of  dye 

^max 

®  max' 

1 

5,5'  -Diethoxythioindigo 

588 

1.1 

2 

6,6’  -Diethoxythioindigo 

515 

1.0 

3 

5  -Etfioxythioindlgo 

561 

1.1 

4 

6  -Ethoxy  thioindigo 

531 

1.0 

5 

5  -Ethoxy  -5’  -nitrothioindigo 

562 

1.0 

fi 

5  -Etiioxy  -6'  -nitrothioindigo 

578 

1.1 

7 

6  -Ethoxy  -5’  -nittothioindigo 

527 

1.1 

8 

6  -Ethoxy  -6 '  -nitrothioindigo 

549 

1.4 

The  absorption  spectra  of  benzene  solutions  of  all  of  the  prepared  dyes  were  determined.  We  see  from  Table  1 
that  the  only  unsymmetrit-al  dyes  whose  absorption  maximum  is  situated  more  deeply  in  the  short-wave  region  than 
the  maximum  of  thioindigo  (Mft  mu)  are  6-ethoxythioindigo  and  6-ethoxy-5*-nitrothioindigo.  On  comparison  with 
the  absorption  maxima  of  the  corresponding  symmetrical  dyes  (we  previously  reported  the  absorption  maxima  of  the 
dinltro  derivative  [3])  it  was  found  that  the  maximum  for  5-ethoxythloindigo  is  shifted  towards  the  short-wave  region 
relative  to  the  arithmetic  mean  of  the  absorption  maxima  of  the  corresponding  symmetrical  dyes  (566.5  mu),  while 
the  absorption  maxima  of  6-ethoxythioindigo  and  5 -ethoxy- 6* -nltrothio indigo  deviate  very  inappreciably  from  the 
calculated  values  (530  and  577.5  mu  respectively).  The  remaining  three  dyes  have  absorption  maxima  at  wavelengths 
longer  than  those  calculated  (for  5-ethoxy -6’ -nitrothioindigo  550.5  mu  ,  for  6-ethoxy-5’-nitrothlolndlgo  514  mu ,  and 
for  6-ethoxy-6’-nitrothioindigo  541  mu). 

The  absorption  spectrum  of  some  of  the  dyes  contains  an  additional  absorption  maximum  of  shorter  wavelength 
corresponding  to  the  cis  form  [4]:  for  6,6'-diethoxythioindigo  478  mu,  ^^lax  6 -ethoxy thioindigo  489 

mu  .  ^rnax  ^nd  for  6-ethoxy-5’-nitrothioindigo  469  mu,  ^max 

EX  PERIMENTAL 

S-(2-Carboxy-4-aminophenyl)-thioglycolic  acid.  To  a  suspension  of  26.0  g  of  S-(2-carboxy-4-nitrophenyl)- 
thioglycolic  acid  in  250  ml  of  water  were  added  165  g  of  ferrous  sulfate  and  150  ml  of  25<7p  ammonia.  The  mixture 
was  refluxed  with  stirring  for  1.5  hr  and  cooled;  another  50  ml  of  ammonia  was  added.  After  filtration,  the  filtrate 
was  evaporated  to  half  of  its  bulk  and  acidified  with  acetic  acid  to  bring  down  S-(2-carboxy-4-aminophenyl)-thlo- 
glycolic  acid;  yield  15.9  g  m.p.  205.0-206.0.  Crystallization  from  water  gave  colorless  crystals  with  m.p. 

226.0-227.0*  (decomp.);  the  literature  [5]  gives  m.p.  227*  (decomp.). 

S-(2-Carboxy-4-hydroxyphenyl)-thioglycolic  acid.  Diazotization  of  11.5  g  of  S-(2-carboxy-4-amlnophenyl)- 
thioglycollc  acid  in  100  ml  of  water  and  15  ml  of  sulfuric  acid  (d  1.83)  was  effected  with  13  ml  of  4  M  sodium  ni¬ 
trite  solution  at  15-20*.  A  further  30  ml  of  sulfuric  acid  was  added  and  the  mass  heated  for  6  hr  on  a  boiling  water 
bath.  Resin  was  removed  from  the  hot  solution  with  active  carbon,  and  the  product  was  extracted  from  the  cooled 
filtrate  witii  ether.  Evaporation  of  the  ether  left  8.6  g  of  substance  (75.5*70)  with  m.p.  163-165*  (decomp.).  Crystalliza¬ 
tion  from  water  gave  colorless  crystals  with  m.p.  197.0-199.0*  (decomp.). 

Found  %.  C  47.23.  47.30;  H  3.22,  3.58;  S  14.26,  14.28.  C^HjOgS.  Calculated  *7o:  C  47.35;  H  3.53;  S  14.05. 

S-(2-Carboxy-4-ethoxyphenyl)thioglycolic  acid.  A  mixture  of  4.56  g  of  S-(2-carboxy-4-hydroxyphenyl)-thio- 
glycollc  acid,  30  ml  of  water,  5  g  of  sodium  hydroxide,  and  7  g  of  ethyl  p-toluenesulfonate  was  vigorously  stirred  for 
8  hr  at  70-80*.  The  mass  was  cooled,  filtered,  and  acidified  to  give  2.88  g  (56.5*7o)  of  substance  with  m.p.  181-184". 
Crystallization  from  water  gave  colorless  needles  with  m.p.  186.0-187.0*.  The  literature  [6]  reports  m.p.  186-187*. 

5-Ethoxy-3-hydroxythionaphthene.  A  mixture  of  2.40  g  of  S-(2-carboxy-4-ethoxyphenyl)-thloglycollc  acid,  10 
ml  of  acetic  anhydride,  and  1.2  g  of  anhydrous  sodium  acetate  was  boiled  for  half  an  hour  and  the  acetic  anhydride 
evaporated  in  vacuo.  The  residue  was  boiled  for  half  an  hour  in  sodium  hydroxide  solution  and  then  acidified.  The  5- 
ethoxy-3-hydroxythlonaphthene  was  distilled  off  with  steam.  Yield  1.10  g  (60.5%)  with  m.p.  93.0-95.0*.  Crystalliza¬ 
tion  from  n-hexane  gave  yellowish  needles  with  m.p.  104.0-105.0®. 


Found  %  C  62.20,  61.80;  H  5.07,  5.18;  S  16.29,  16.33.  CioH,tfO,S.  Calculated  C  61.80;  H  5.19;  S  16.50. 

A  mixture  of  0.4  g  of  5-ethoxy-3-hydroxythlonaphthene,  1.2  ml  of  acetic  anhydride,  and  0.1  g  of  anhydrous 
sodium  acetate  was  boiled  for  10  min.  Addition  of  water  brought  down  5-ethoxy -3-acetoxythionaphthene  as  color¬ 
less  needles  with  m.p.  51.5-52.0*  (from  alcohol). 

Found  C  61.00,  61.20;  H  5.60,  4.87;  S  13.71,  13.51.  CjjHuOjS.  Calculated  %  C  60.98;  H  5.12;  S  13.57. 

5- Ethoxythtonaphthenequinone-2-(p-dlmethylamlno)-anil.  To  0.39  g  of  5-ethoxy -3-hydroxythionaphthene  and 
0,32  g  of  p-nitrosodimethylaniline  in  10  ml  of  water  was  added  sodium  hydroxide  until  the  reaction  was  alkaline.  The 
mass  was  stirred  at  room  temperature  for  20  hr,  then  heated  to  70*,  and  40  ml  of  water  was  added.  The  product  was 
filtered  and  washed  with  hot  water.  Yield  0.59  g  (90.5%),  m.p.  174.0-176.0*.  Crystallization  from  chlorobenzene 
gave  red  crystals  with  a  green  tinge,  m.p.  178.9-179.0*. 

Found  %:  N  8.72.  8.76;  S  9.70,  9.61.  C^Hi^jN^S.  Calculated  %;  N  8.52,  S  9.82. 

5,5*-Diethoxythioindigo.  To  a  solution  of  0.58  g  of  5-ethoxy-3-hydroxythionaphthene  and  0.25  g  of  sodium 
hydroxide  in  15  ml  of  water  was  added  3  ml  of  2  M  sodium  tetrasulfide  solution  and  the  mixture  stirred  for  an  hour 
at  80-90*.  The  dye  was  filtered  and  washed  with  water  and  alcohol.  Yield  of  product  (blue  powder)  0.53  g  (92%). 
Crystallization  from  nitrobenzene  gave  fine,  blue-violet  needles  with  m.p.  294-297*.  The  solution  of  the  dye  in  con¬ 
centrated  sulfuric  acid  had  a  yellowish-green  color. 

Found  %;  C  62.86,  62.68;  H  4.51,  4.59;  S  16.78.  16.84.  C»His04S,.  Calculated  %:  C  62.48;  H  4.20;  S  16.69. 

Cycllzation  of  S-(4-ethoxyphenyl)-thioglycolic  acid.  To  a  solution  of  2.12  g  of  S-(4-ethoxyphenyl)-thloglycollc 
acid  [7]  in  40  ml  of  chlorobenzene  was  added  1.5  g  of  phosphorus  trichloride.  The  mixture  was  heated  to  80*  and  held 
at  that  temperature  for  an  hour.  It  was  then  cooled  to  20*;  1.8  g  of  aluminum  chloride  was  added  and  the  mixture 
stirred  for  2  hr.  5-Etiioxy-3-hydroxythionaphthene  was  not  detected  in  the  residue  after  the  chlorobenzene  had  been 
removed  by  steam  distillation.  Cycllzation  likewise  did  not  take  place  at  0  and  40*.  Replacement  of  phosphorus  tri¬ 
chloride  by  thionyl  chloride  at  the  stage  of  preparation  of  the  acid  chloride  likewise  did  not  give  satisfactory  cycliza- 
tlon. 

6- Ethoxy-3  - hyd rox yth iona phthene  was  obtained  by  the  method  of  [8];  acetylation  as  described  above  gave  6- 
ethoxy-3-acetoxythionaphthene  in  the  form  of  colorless  crystals  with  m.p.  59.0-60.0*  (from  alcohol). 

Found  %:  C  61.27,  60.94;  H  5.26,  5.19;  S  13.76,  13.56.  C^HiiOsS.  Calculated  %:  C  60.98;  H  5.12;  S  13.57. 

6,6*-Diethoxythioindigo  [8]  was  prepared  by  a  procedure  similar  to  that  for  the  5,5'  isomer.  An  orange  powder, 
soluble  in  concentrated  sulfuric  acid  with  a  violet  color. 

TABLE  2 


Substituent 
in  the  thio- 
indigo  mol- 

Empirical 

Yield. 

Color  of 
crystals 

Color  of 
solution 

In  Hj^4 

Melting 

point 

Found, % 

formula 

% 

N 

S 

ecule 

5-OC2H5 

88 

Violet 

Green 

235—238° 

18.70 

18.74 

6-OC2H5 

94 

Orange -red 

Red -violet 

262—265 

— 

18.79 

18.63 

S-OCoUg. 

r,,«ii„05N.S2^^ 

95 

Blue -violet 

Blue 

285—290 

3.7.3, 

16.55, 

5'- NO., 

85 

Dark  blue 

(decomp) 

3.69 

16.35 

5-0C.>H5, 

**■ 

Blue 

335—340 

3.77, 

16.58 

6'- NO., 

91 

(decomp) 

3.84 

16.73 

e-or.aiis. 

C.bIIuOsNSj^^ 

Brownish 

Blue 

.345—350 

3.62, 

16.82 

5'-N02 

C.aHiiOsNSa^^ 

88 

(decomp) 

3.71 

16.63 

6-OC,ll5, 

Brownish 

Green 

350-355 

3.48. 

16.39 

6'-N02 

(decomp 

3.54 

16.39 

•  Calculated  %:  S  18.85. 
••Calculated  %;  N  3.64;  S  16.69. 
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Umymmetrical  dyes.  To  12  ml  of  acetic  acid  was  added  0.39  g  of  5-  or  6-ethoxy-3-hydroxythlonaphthene, 

0.2  ml  of  piperidine,  and  (In  the  case  of  synthesis  of  the  monoethoxy  derivative)  g  of  thionaphthenequinone-(p- 
dlmethylamlno)-anll  or  (In  the  case  of  synthesis  of  the  ethoxynltro  derivative)  0.66  g  of  5-  or  6-nltrothlonaphthene- 
qulnone-2-(p-dlmethylamlno)-anll.  The  mixture  was  refluxed  and  stirred  for  2  hr,  cooled,  and  filtered.  The  product 
was  wadied  with  hot  alcohol  and  crystallized  from  nitrobenzene.  Yields  of  dyes,  some  of  their  properties,  and  analyt¬ 
ical  data  are  set  forth  in  Table  2. 


SUMMARY 

Two  ethoxy-substituted  and  four  ethoxynltro-substituted  thloindlgos  were  synthesized  .and  their  absorption 
spectra  In  benzene  were  measured. 


LITERATURE  CITED 

1.  N  S.  Dokunlkhln  and  Yu.  E.  Gerasimenko,  Zhur.  Obshchel  Khim.  30,  1231  (1960). 

2.  Ch.  E.  Dalgllesh  and  F.  G.  Mann.  J.  Chem.  Soc,  1945,  893. 

3.  N.  S.  Dokunlkhln  and  Yu.  E.  Gerasimenko,  Zhur.  Obshchel  Khlm.  639  (1960). 

4.  G.  M.  Wyman  and  W.  R.  Erode,  J  Am.  Chem.  Soc.  73,  1487  (lO.'il). 

5.  A.  Martani.  Ann.  chlmlca  885  (1957). 

6.  German  Pat.  229067;  Frdl.  463. 

7  G.  M.  Oksengendler  and  Yu.  E.  Gerasimenko,  Zhur.  Obshchei  Khim.  3214  (1957). 

8.  P.  Friediander,  Ber.  962  (1916). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter>by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  In  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 
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REACTIONS  OF  ALUMINUM  ISOPROPOXIDE  WITH 
SOME  ORG  ANOPHOSPHORUS  COMPOUNDS 

K.  A.  Andrianov,  A.  A.  Zhdanov.  L.  M.  Khananashv  ill , 

and  A .  S  .  Shapatin 

Moscow  Institute  of  Fine  Chemical  Technology 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  1, 
pp.  224-228, January,  1961 
Original  article  submitted  February  20,  1960 


Investigators  have  devoted  a  great  deal  of  attention  in  recent  years  to  the  synthesis  of  polymers  In  which  the 
main  chains  of  the  molecules  are  constructed  of  aluminum  and  oxygen,  while  the  framing  groups  are  alkoxy  [1]  and 
aroxy  [2]  radicals,  groups  susceptible  to  keto— enol  tautomerism  [3,4],  and  acyl  groups  [5].  Polymers  whose  framing 
groups  are  trialkylsiloxy  groups  have  also  been  investigated  [6,7].  According  to  the  literature  data,  none  of  the  afore¬ 
mentioned  groups  is  joined  to  an  aluminum  atom  by  a  hydrolytically  stable  bond,  and  under  the  action  of  moisture 
such  polymers  tend  to  form  branched  or  three-dimensional  structures.  An  attempt  has  been  made  [8]  to  synthesize 
polyalumoxanes  in  which  the  framing  groups  are  methylbutoxyphosphinic  acid  residues  with  the  objective  of  obtain¬ 
ing  a  stable  phosphorus— oxygen  aluminum  bond. 

The  present  work  is  devoted  to  the  preparation  of  methyl-m-cresoxyphosphInoxy(dllsopropoxy)alumlnum  and 
dimethylphosphlnoxy  (diisopropoxy)aluminum  to  serve  as  starting  substances  for  synthesis  of  polymers  containing  in¬ 
organic  chains  of  molecules. 

One  of  the  starting  organo phosphorus  compounds— methyl-m-cresoxyphosphlnlc  chloride— was  prepared  by  reac¬ 
tion  of  methylphosphinic  dichloride  with  m-cresol  at  120-140*: 

O  0 

II  II  /Cl 

Cll.i'Clo  t  -fHCI  (1) 

A  reaction  product,  apart  from  methyl-m-cresoxyphosphinic  dichloride,  was  di-m-cresyl  methylphosphinate, 
formed  in  considerable  quantity. 

The  effect  of  variation  of  the  molar  ratio  of  methylphosphinic  dichlorlde  and  m-cresol  was  studied.  Increase 
in  the  excess  of  methylphosphinic  dichloride  increases  the  yield  of  methyl -m-cresoxyphosphinlc  chloride  and  slightly 
lowers  the  yield  of  di-m-cresyl  methylphosphinate.  In  all  cases,  however,  the  yield  of  ester  is  30-50®^  by  weight  of 
the  yield  of  methyl-m-cresoxyphosphlnlc  chloride. 

We  can  expect  the  reaction  of  methyl-m-cresoxyphosphinic  chloride  with  aluminum  Isopropoxide  to  follow 
the  course: 


O 

II  /Cl 

CllalX  +  A1(OC3H7-Iso  h  —  Uo  C3H7CI 

^OColUCUrM 


O 

II  /CU3 

-f  (Iso  -C3U70)2A1-0-I‘<^ 


OCsI^CHa-jM 


(2) 


Experiments  showed  that,  in  accordance  with  equation  (2),  isopropyl  chloride  was  formed  during  the  process. 

At  the  same  time,  however,  isopropyl  m-cresyl  ether  was  formed.  This  pointed  to  secondary  reactions  associated 
with  reaction  of  the  isopropoxy  group  of  aluminum  isopropoxide  with  the  m-cresoxy  group  of  methyl-m-cresoxy¬ 
phosphinic  chloride.  We  were  able  to  show  that  this  reaction  takes  place  at  a  temperature  above  120*.  Isopropyl  m- 
cresyl  ether  could  not  be  isolated  from  the  reaction  mixture  when  the  reaction  was  run  at  below  100*.  In  our  opinion, 
isopropyl  m-cresyl  ether  is  formed  by  the  following  mechanism: 
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Temperature 


(3) 


0 

II  yC'lh 

(Uo -r.nn;0)2AI-0-l'<  f 


(i90-G3H;0)2Al- 


0 


/CII3 

< 

\OC8H4CH3  .H 


(}  o 

II  II  yCM, 

—*  ( i9o-r.,ii70)2Ai-o-p-o-Ai-o-p<  4- 

I  I  \or,„H4r,ii..,-^ 

('.II3  OG^Hj-lso 
1  Uo  -riallj— O— CbII4CII3-^ 


The  results  show  that  this  reaction  is  not  limited  to  formation  of  dimer  but  can  also  proceed  at  140-200*  with 
formation  of  more  complex  compounds.  Considerable  difficulty  was  encountered  in  attempts  to  isolate  pure  substances 
because  of  the  lack  of  a  selective  solvent. 


For  confirmation  of  the  proposed  reaction  mechanism,  we  synthesized  tris(methyl-m  cresoxyphosphinoxy)alum- 
inum  by  the  route; 


Al(Or,:,H7-lso);, 


f) 


:U’.1P 


\OC8ll4r.H3-;M 


also  -(’,3117^1  -i-  Ai 


oi/'''"’ 

H)r,flii4Cii3-.*i, 


(4) 


The  reaction  was  performed  at  00-100*  to  avoid  the  risk  of  detachment  of  the  cresoxy  group.  Under  these  condi¬ 
tions  tris(methyl-m-cre80xypho8phinoxy)aluminum  was  obtained  in  59^o  yield  and  isopropyl  chloride  in  6T^o  yield. 
These  data  confirm  our  ideas  about  the  course  of  the  process. 

Thcrmochemical  investigation*  of  tris(methyl-m-cresoxyphosphinoxy)aluminum  showed  that  the  sample  be¬ 
gins  to  lose  weight  gradually  at  200*.  Maximum  loss  of  weight  is  observed  at  370*,  and  thereafter  the  weight  remains 
nearly  constant  (see  figure).  The  weight  loss  is  53.7*7*’,  corresponding  to  complete  loss  of  the  organic  part  of  the  mole¬ 
cule  (the  inorganic  content  is  47.7*7*'). 

Reaction  of  dimethylphosphonic  acid  with  aluminum  isopropoxide  goes  according  to  the  equation 
O  O 

II  II 

(C!l3).;POU  4  (  iso-Cr.n70)3AI  ->  (iso -C3n70)2Al-0-P(CH3)2  4-  iso -C3H7OII  (5) 


Equation  (5)  is  confirmed  by  the  nearly  quantitative  liberation  of  isopropyl  alcohol  (99%). 


Judging  by  the  elemental  analysis  the  {xoduct  distilling 
from  the  reaction  mixture  at  164*  (2  mm)  is  dimethylphos- 
phinoxy(diisopropoxy)aluminum  rendered  impure  by  secondary 
products.  The  molecular  weight  of  the  isolated  product  is 
nearly  three  times  higher  than  the  value  calculated  for  di- 
methylphosphinoxy(diisopropoxy)aluminum.  This  points  to 
association  in  solution.  The  product  is  a  colorless,  glassy 
substance,  readily  soluble  in  aromatic  solvents,  alcohols, 
carbon  tetrachloride,  ether,  and  ligroins. 

EX  PERIMENTA  L 

Methyl -m-cresoxyphosphinic  dichloride.  Methylphos- 

phinic  dichloride  (31.65  g)  was  put  into  a  round -bottomed 

_ _  .  r  ut.  f  .  flask  fitted  with  stirrer,  reflux  condenser  and  calcium  chlo- 

Thermogram  and  curve  of  weight  change  of  tris- 

_  u  1-.  XI-  X  ride  tube,  thermometer,  and  dropping  funnel.  To  the  fused 

(metnyl-m-cresoxyphosphinoxy)  aluminum;  a)  .  '  ; 

rotn no ix\  ^/rr  .  »•  1  *  .  3cid  chloride,  heated  to  120-130  ,  was  added  21.36  g  of  m- 

temperature,  b)  differential  temperature  curve,  ® 

c)  weight  of  sample  cresol  dropwise  in  the  course  of  3  hr.  The  reaction  mass  was 

•The  authors  thank  G,  B.  Ravich  and  I.  F.  Manucharova  for  carrying  out  the  thermographic  analysis. 
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then  heated  for  2.5  hr  at  120-130*  and  for  another  2.5  hr  at  130-140*.  Hydrogen  chloride  was  evolved  (89.5®/'  of  the 
calculated  quantity).  The  following  fractions  were  collected  on  fractional  distillation  of  the  mixture:  Ist,  55-120* 

(16  mm).  9.5  g;  2nd.  116-124*  (2  mm).  19.01  g;  3rd.  124-170*  (2  mm).  0.68  g;  4th.  170-187*  (2  mm),  9.67g.  The  flrat 
fraction  corresponded  to  methylphosphlnic  dichloride,  the  2nd  to  methyl-m-cresoxyphosphinlc  chloride.  Yield  of 
second  product  47.2^<.  Methyl-m-cresoxyphosphlnic  chloride  was  collected  at  118*  (2  mm)  after  two  distillations. 

d4*®  1.238,  np”  1.5212.  MRp  50.54;  calc.  50.24. 

Found  %  C  46.56;  H  4.97;  Cl  17.16;  P  15.06.  C,H,oO,PCl.  Calculated  %  c  46.96;  H  4.93;  Cl  17.33;  P  15.14. 

Two  distillations  of  the  4th  fraction  gave  di-m-cresyl  methylphosphinate  with  b.p.  177*  (2  mm). 

d4*®  1.155.  np***  1.5445.  MRp  75.76;  calc.  75.58. 

Found  %  C  65.27;  H  6.17;  P  11.20.  CjjHjtOjP.  Calculated  C  65.21;  H  6.20;  P  11.22. 

Other  ratios  of  starting  components  were  also  taken  for  synthesis  of  methyl-m-cresoxypliosphlnlc  chloride: 

1)  99.91  g  of  methylphosphinic  dichloride  and  54.21  g  of  m-cresol;  the  yield  of  methyl-m-cresoxyphosphlnic 
chloride  was  59.3^(';  2)  133  g  of  acid  chloride  and  54  g  of  m-cresol;  the  yield  of  methyl-m-cresoxyphosphlnic  chlo¬ 
ride  in  this  case  was  61.5®/<'. 

Methyl-m-cresoxyphosphlnic  (di isopropox y)  aluminum.  Aluminum  isopropoxide  and  methyl -m-cresoxyphos- 
phinic  chloride  were  reacted  in  a  round -bottomed  flask  equipped  with  stirrer,  dropping  funnel,  sloping  condenser, 
and  a  receiver  with  calcium  chloride  tube.  The  receiver  was  cooled  by  dry  Ice.  Methyl -m -  cresoxyphosphlnoxy  chlo¬ 
ride  was  stirred  dropwise  at  a  bath  temperature  of  125-136*  in  the  course  of  1.5  hr  into  a  melt  of  35.34  g  of  alumi¬ 
num  isopropoxide.  The  bath  temperature  was  then  raised  to  130-150*  and  the  reaction  mixture  heated  for  another  2.5 
hr.  The  reaction  mass  was  washed  on  the  filter  with  cold  ligroine.  The  residual  product  on  the  filter  was  completely 
Insoluble  in  aromatic  solvents,  alcohols,  ether,  and  acetone.  The  product  had  the  following  composition: 

Found  C  41.15;  H  6.25;  Cl  5.22;  ash  45.46. 

After  distillation  of  the  ligroine.  the  filtrate  was  distilled  to  give  3.36  g  of  isopropyl  m-cresyl  ether.  Redistil¬ 
lation  of  the  latter  gave  a  product  with  b.p.  82*  (16  mm). 

d4*®  0.9327.  Up*”  1.4969.  MR^.  47.12;  calc.  46. HI. 

Found  7«:  C  79.41;  H  9.27;  ash  0.34.  M  138.8.  CioH,4p.  Calculated  %  C  79.95;  H  9.39.  M  150.2. 

A  violent  reaction  occurred  when  fractional  distillation  of  the  residue  of  filtrate  was  attempted.  An  infusible 
white  powder  (13.12  g)  was  formed. 

Tris(methyl-m-cresoxyphosphinoxy)aluminum.  The  reaction  was  carried  out  in  a  Claisen  flask  equipped  with 
a  condenser  and  a  receiver  (with  calcium  chloride  tube)  cooled  by  dry  Ice.  A  mixture  of  21.68  g  of  methyl-m- 
cresoxyphosphlnlc  chloride  and  7.21  g  of  aluminum  isoproproxide  was  heated  in  the  flask.  Isopropyl  chloride  was 
slowly  evolved.  The  reaction  went  very  violently  at  a  bath  temperature  of  102*.  There  was  obtained  6.5  ml  of  iso¬ 
propyl  chloride.  The  latter  was  collected  at  34.5*  on  redistillation. 

d4*'’  0.8585,  np*®  1.3764,  MRp  21.02;  calc.  20.86. 

The  product  formed  in  the  flask  was  dissolved  in  xylene.  Treatment  of'the  solution  with  ligroins  resulted  in 
precipitation  of  12.17  g  of  amorphous,  infusible  powder. 

Found  7:  C  47.27;  H  5.22;  Cl  1.49;  A1  5.91;  P  15.93.  C24H30O9PSAI.  Calculated  %  C  49.49;  H  5.19;  A1  4.63; 

P  15.96. 

Dimethylphosphinic  acid  was  prepared  by  oxidation  of  bis(dimethylphosphine)  with  hydrogen  peroxide  [9]. 
Bis(dimethylphospliine)  was  obtained  by  anomalous  orga nomagnesium  synthesis  fron.  phosphorus  thiochloride  [10]. 

Dimethylphosphlnoxy  (diisopropoxy)aluminum.  A  mixture  of  34.53  g  of  aluminum  isopropoxide  and  150  g  of 
toluene  was  placed  in  a  round -bottomed  flask  equipped  with  stirrer  and  reflux  condenser  (with  calcium  chloride  tube). 
To  the  resulting  solution  was  added  15.90  g  of  dimethylphosphinic  acid.  The  mixture  was  heated  to  the  boil  and 
stirred  at  that  temperature  for  6  hr.  Isopropyl  alcohol  (10.07  g)  was  distilled  from  the  mass.  The  quantity  of  alcohol 
was  determined  from  the  content  of  hydroxyl  groups.  The  residual  mixture  was  transferred  to  a  Claisen  flask;  the 
toluene  was  distilled  off  and  the  residue  heated  at  a  bath  temperature  of  200*  for  an  hour.  Fractional  distillation 
gave  two  fractions:  1st,  160-163*  (2  mm),  10.35  g;  2nd,  164*  (2  mm),  16.30  g.  The  2nd  fraction  corresponded  to  dl- 
methylphosphinoxy  (diisopropoxy)aluminum. 
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SUMMARY 


1.  Reactions  of  aluminum  isopropoxide  with  methyl -m-cresoxyphosphlnic  chloride  and  dimethylphosphinic  acid 
were  investigated. 

2.  The  following  new  compounds  were  synthesized:  methyl-m-cresoxyphosphlnlc  acid,  dl-m-cresyl  methyl- 
phosphinate,  tris(methyl-m-cresoxyphosphinoxy)aluminum,  and  dimethylphosphinoxy  (diisoptopoxy)aluminum. 
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SYNTHESIS  OF  PO  L  Y  (  PH  ENO  X  Y  M  E  TH  YL  PHO  S  PHINO  X  Y  )  A  LU  MO  X  A  N  ES 

K.  A.  Andrianov,  L.  M.  Khananashvili .  A.  A.  Kazakova,  and 
A .  A  .  Ivanov 

Moscow  Institute  of  Fine  Chemical  Technology 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  1, 
pp.  228-231, January,  1961 
Original  article  submitted  February  20,  1960 


Aluminum,  titanium,  boron,  tin,  arsenic,  phosphorus,  and  other  elements  have  recently  been  used  in  addition 
to  silicon  in  the  synthesis  of  chain  polymers.  Work  has  been  carried  out  on  the  synthesis  of  polymers  whose  main 
chain  was  built  up  from  metal-oxygen-  metal  groupings  while  the  framing  groups  were  trialkylsiloxy  groups  [1,2], 
alkoxyl  and  weakly  acidic  groups,  as  well  as  groups  susceptible  to  keto— enoltautomerism  [3],  and  others. 

We  have  studied  the  reactions  of  some  phosphoroaluminoorganic  compounds  and  the  possibility  of  their  trans¬ 
formation  into  polymers  with  a  main  alumoxane  chain. 


The  synthesis  of  phosphoroaluminoorganic  compounds  was  effected  by  esterification  of  methylphoiphlnic  chlo¬ 
ride  with  phenol  followed  by  reaction  of  the  resulting  methylphenoxyphosphlnic  chloride  with  aluminum  n-butoxlde: 


/Cl 

CIl3P=0  -f  CbHbOII 
'^CI 


/Cl 

CH3P=0 


Al(OC.H,), 


/ 


CH3 


^OCeHs 

(I) 


(C^IIflOJaAI-O— P=0  +  C4H9CI 

(ii)  ^OCgHs  (III) 


Methylphenoxyphosphlnic  chloride  (I)  has  not  previously  been  described.  It  was  isolated  in  pure  form  by  frac¬ 
tional  distillation  of  the  reaction  products  (yield  26.2^o).  This  low  yield  is  due  to  partial  replacement  of  the  second 
chlorine  by  the  phenoxy  group  with  formation  of  the  compound  CH3PO(OC}(H5)j.  Reaction  of  methylphosphinlc  chlo¬ 
ride  with  phenol  gave  in  addition  a  considerable  quantity  of  still  residue,  probably  consisting  of  a  mixture  of  products 
of  condensation  of  the  organophosphorus  compounds  present. 

Butyl  chloride  was  isolated  in  bfflo  yield.  The  yield  was  lowered  by  large  losses  during  vacuum  distillation  of 
solvent  from  the  product.  Reaction  at  80-90*  gave  phenoxymethylphosphinoxydibutoxyaluminura  (II).  Reaction  at 
higher  temperatures  gave  compounds  insoluble  in  the  usual  organic  solvents. 

PhenoxymethylphosphinoxydibUloxyaluminum  is  a  solid  substance,  soluble  in  butyl  alcohol  and  cellosolves 
(at  room  temperature),  and  in  benzene,  toluene,  and  xylehe  (with  heating). 

The  butoxyl  groups  of  the  phenoxy  compound  appear  to  undergo  hydrolysis  under  the  action  of  water.  Attempts 
were  therefore  made  to  synthesize,  by  hydrolytic  treatment  of  the  compound,  polymers  with  a  main  chain  of  alumi¬ 
num  and  oxygen  atoms  framed  by  phenoxymethylphosphinoxy  groups. 


Experiments  showed  that  hydrolysis  of  phenoxymethylphosphinoxydibutoxyalunfnum  is  accompanied  by  fairly 
rapid  rise  in  viscosity  of  the  product  of  hydrolysis.  The  reaction  mechanism  may  be  represented  as  follows: 
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Hydrolysis  was  performed  In  a  medium  of  butyl  alcohol  containing  various  proportions  of  water.  Samples  were 
taken  off  at  intervals  during  the  hydrolysis  for  determination  of  the  relative  viscosity  of  a  solution  in  butyl  alco¬ 
hol.  The  rise  in  viscosity  was  found  to  depend  on  the  quantity  of  water  taken  for  hydrolysis.  The  greater  the  quantity 
of  water,  the  higher  the  viscosity  of  the  products  of  hydrolysis.  At  the  commencement  of  hydrolysis  the  viscosity 
Increases  very  quickly.  It  later  comes  to  a  standstill,  probably  due  to  attainment  of  equilibrium  of  the  hydrolysis  reac¬ 
tion  and  of  the  condensation  reaction.  This  conclusion  is  confirmed  by  the  observation  of  the  sharp  rise  in  viscosity 
of  products  isolated  from  the  solution  after  they  had  been  redlssolved. 

The  products  of  hydrolysis  isolated  from  solution  were  solid  substances  soluble  in  butyl  alcohol.  Hard,  brittle 
films  were  formed  after  application  of  solutions  of  the  polymers  to  solid  surfaces  and  evaporation  cf  the  solvent. 

Investigation  of  the  thermomechanical  properties  of  the  products  of  hydrolysis  (Figs.  1  and  2)  showed  that  an 
increase  in  the  quantity  of  water  taken  for  hydrolysis  of  phenoxymethylphosphinoxybutoxyaluminum  had  no  appreci¬ 
able  Influence  on  the  flow  temperature  of  the  polymer;  however  an  increase  in  the  quantity  of  water  taken  for  hydro¬ 
lysis  slightly  lowers  the  interval  between  the  temperatures  of  vitrification  and  flow. 


z 


1 


_ > _ L _ 1 _ I — 
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Fig.  1.  Thermomechanical  curve  of  product 
of  hydrolysis  of  phenoxymethylphosphlnoxy- 
dibutoxyaluminum  with  1.5  moles  of  water. 


Temperature 

Fig.  2.  Thermomechanical  curve  of  pro¬ 
duct  of  hydrolysis  of  phenoxymethylphos- 
phinoxydibutoxyaluminum  with  3.0  moles 
of  water. 


EXPERIMENTAL 

Preparation  of  methylphenoxyphosphinic  chloride.  A  mixture  of  211.7  g  of  methylphosphinlc  chloride  and 
133.6  g  of  phenol  was  placed  in  a  flask  equipped  with  thermometer,  mechanical  stirrer,  and  reflux  condenser  topped 
by  a  calcium  chloride  tube.  The  mixture  was  stirred  for  24  hr  at  125-130“  until  hydrogen  chloride  no  longer  came 
off.  Arrival  at  this  stage  was  established  by  periodic  weighing  of  the  reaction  products.  The  resulting  mixture  was 
twice  fractionated  from  a  Claisen  flask.  The  following  fractions  were  obtained:  1st,  boiling  up  to  72*  (1.5  mm),  11.2 
g;  2nd,  72-80*  (1.5  mm),  76.8  g;  the  residue  amounted  to  192.3  g.  The  second  fraction  corresponded  to  methylphen¬ 
oxyphosphinic  chloride.  Yield  26.2  g. 

B.p.  72-80*  (1.5  mm),  MRp  45.69;  calc.  45.79. 

Found  C  45.75,  45.41;  H  4.89,  4.96;  P  17.70,  18.04;  Cl  18.03,  17.60.  M  204.  CyH^jPCl.  Calculated  % 

C  44.14;  H  4.23;  P  16.25;  Cl  18.61:  M  191. 

Preparation  of  phenoxymethylphosphinoxydibutoxyaluminum.  A  flask  like  that  in  the  preceding  experiment  was 
charged  with  18.45  g  of  aluminum  n-butoxide  and  56  g  of  xylene.  The  heated  mixture  was  stirred  until  the  aluminum 
n-butoxide  had  dissolved  completely.  The  mixture  was  cooled  and  through  a  dropping  funnel  was  added  14.28  g  of 
methylphenoxyphosphinic  chloride  diluted  with  15  g  of  xylene.  The  contents  of  the  flask  were  heated  at  50*  for  3  hr 
and  at  80*  for  6  hr.  The  xylene  and  butyl  chloride  were  distilled  off  in  vacuo  at  an  oil  bath  temperature  not  exceeding 
80*.  Chlorine  was  detected  in  the  product.  The  latter  was  therefore  redisiolved  in  xylene  and  the  xylene  again  taken 
off  in  vacuo  at  a  bath  temperature  of  80*.  In  this  way  a  product  free  of  chlorine  was  obtained.  Yield  of  phenoxymethyl- 
phosphinoxydibutoxyaluminum  25.3  g  (98.T7r). 

Found  %  P  8.66,  8.75;  A1  8.70,  8.52.  CisHeOjPAl.  Calculated  %  P  8.97;  A1  7.84. 
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Hydrolysis  of  phenoxymethylphoaphlnoxydlbutoxyalumlnum.  Known  quantities  of  phenoxymethylphosphlnoxy- 
dibutoxyalutninum  and  n-butyl  alcohol  were  put  into  a  flask  equipped  with  thermotneter,  mechanical  stirrer,  and 
reflux  condenser.  The  mixture  was  heated  until  the  phenoxy  compound  had  completely  dissolved.  The  relative  visco¬ 
sity  of  the  resulting  solution  was  determined  after  dilution  with  n-butyl  alcohol  to  ^  concentration.  The  solution 
was  thereupon  heated  to  80*  and  additions  were  made  of  the  calculated  quantity  of  water,  diluted  witii  n-butyl  alco¬ 
hol,  and  of  pure  n-butyl  alcohol  so  as  to  give  a  10*7^  solution  of  phenoxymethylphosphinoxydlbutoxyaluminum.  The 
mixture  was  stirred  for  3-3.5  hr  at  75-80*.  At  specific  time  intervals  samples  of  the  product  of  hydrolysis  were  with¬ 
drawn  and  diluted  with  n-butyl  alcohol  to  give  a  5*^  solution  whose  relative  viscosity  was  then  measured.  The  pro¬ 
ducts  of  hydrolysis  were  isolated  from  solution  by  evaporation  in  vacuo. 

SUMMARY 

1.  Methylphenoxyphosphlnlc  chloride  and  phenoxymethylphosphlnoxydlbutoxyalumlnum  wore  synttiesi2ed  for 
the  first  time. 

2.  The  hydrolysis  of  phenoxymethylphosphinoxydibutoxyaluminum  was  studied,  and  it  was  diown  that  hydrolysis 
is  accompanied  by  polycondensation  with  formation  of  poly(phenoxymethylphosphinoxy)alumoxanes. 
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Existing  methods  of  synthesis  of  haloesters  of  orthotitanic  acid  are  based  on  three  types  of  reactions:  a)  action 
of  alcohols  or  phenols  on  titanium  tetrachloride  [1];  b)  replacement  of  one  or  more  RO  groups  in  Ti(OH)4  or  in 
Ti(OR)nX4-n  by  halogen  atoms  with  the  aid  of  acid  halides  [2],  hydrogen  halides  [3],  pyridine  hydrochloride  [4,5], 
or  free  halogens  [5];  c)  replacement  of  some  RO  groups  in  Ti(OR)nX4.n  by  othen  in  a  transesterification  process [6]. 

Reference  is  made  in  the  literature  [7]  to  the  possibility  of  cleavage  of  the  Si-O-Si  bond  by  titanium  tetra¬ 
chloride  [7]. 

The  above  data  prompted  us  to  attempt  the  synthesis  of  alkoxytitanium  chlorides  from  trialkylalkoxysilanes 
and  titanium  tetrachloride.  It  was  found  that  trimethylalkoxysilanes  react  violently  with  titanium  tetrachloride  ac¬ 
cording  to  the  equations; 

(CHnhSiOR +  TiCi4  — >  (CHaJaSiCl  +  ROTiCla, 

2(CH3)3SiOR -f  TiCl4  —  2(CH3)3SICl  +  (RO)jTiCl2. 

We  failed  to  replace  the  alkoxy  group  by  more  than  two  atoms  of  chlorine  from  TiCl4  when  using  a  1:3  molar  ratio 
of  TiCl4  to  (CHiJsSiOR  in  spite  of  prolonged  heating  of  the  reactants. 

The  properties  of  the  resulting  alkoxytitanium  chlorides  are  set  forth  in  the  table.  Our  method  may  be  of 
preparative  interest.  Experiments  were  run  under  conditions  excluding  access  of  atmospheric  moisture  to  the  thoroughly 
dried  reactants. 


Boiling  point 
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Melting 

point 

•/.  Tl  1 

•/.  Cl 

Compound 

calc. 

found 

calc. 

found 

Ethoxytitanium  trichlo¬ 
ride 

185° 

— 

24.03 

23.81,  23.90 

53.37 

52.86 

Diethoxytitanium  di- 
chloride 

— 

40—50° 

22.93 

23.82 

33.96 

33.09, 33.11 

Butoxytitanium  tri¬ 
chloride 

(55-80(0.5—1) 

50-60 

21.07 

21.58 

46.79 

46.15 

Iso^o^l^^titanium  tri- 

— 

77—78 

1 

1 

49.88 

49.60’ 

EXPERIMENTAL 

1.  Edioxytitanium  trichloride.  Dropwise  addition  of  11.8  g  (0.1  mole)  of  trimediylethoxysilane  was  slowly 
made  from  a  dropping  funnel  to  19  g  (0.1  mole)  of  titanium  tetrachloride  in  the  flask  of  a  distillation  apparatus. 

The  reaction  was  strongly  exothermic.  Fractional  distillation  at  atmospheric  pressure  gave  a  56-57*  fraction  (9.64  g, 
yield  88.8®7o)  and  a  185*  fraction  (11.6  g,  yield  58,4lo).  The  first  fraction  contained  32.09^<  of  titratable  chlorine  and 
was  identified  as  trimethylchlorosilane.  The  185*  fraction  (light-yellow  crystals)  was  ethoxytitanium  trichloride. 

Found  Tl  23.81,  23.90;  Cl  52.86.  CjH^TiCl,.  Calculated  Ti  24.03,  Cl  53.37. 
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2.  Diethoxytitanium  dichloride.  The  Hash  of  a  distillation  apparatus  was  charged  with  9.5  g  (0.05  mole)  of 
titanium  tetrachloride,  and  ll.8  g  (0.1  mole)of  trimethylethoxysilane  was  slowly  added  dropwise  from  a  dropping 
funnel.  The  reaction  was  strongly  exothermic.  The  reaction  mass  was  then  subjected  to  fractional  distillation  at  a 
bath  temperature  of  up  to  100*  at  normal  pressure.  There  was  distilled  off  8.4  g  (77.5*^)  of  trlmethylchlorosilane 
with  b.p.  56*.  Chloride  ion  content  32.8%. 

The  residue  in  the  flask  crystallized  after  cooling.  The  product  was  diethoxytitanium  dlchlorlde  with  m.p. 
40-50*  (from  benzene).  Yield  nearly  quantitative. 

Found  %:  T1  23.82;  Cl  33.09,  33.11.  (C^^),TiCl,.  Calculated  %:  T1  22.93;  Cl  33.96. 

3.  Butoxytitanium  trichloride.  The  flask  of  a  distillation  apparatus  was  charged  with  19  g  (0.1  mole)  of  titan¬ 
ium  tetrachloride,  and  14.6  g  (0.1  mole)  of  trimethylbutoxysilane  was  slowly  added  from  a  dropping  funnel.  The  re¬ 
action  was  strongly  exothermic.  The  mass  was  subjected  to  fractional  distillation  and  at  normal  pressure  8.53  g  (79%) 
of  trlmethylchlorosilane  came  over  at  56*.  Titratable  chlorine  content  33.1%.  Vacuum  distillation  then  gave  15.4  g 
(67.6%)  of  butoxytitanium  trichloride  with  b.p.  65-80*  (0.5-1  mm).  Light-yellow  crystals  with  m.p.  50-60*  (in  sealed 
capillary). 

Found  %;  Ti  21.58;  Cl  46.15.  C^fl^TiClj.  Calculated  %:  Ti  21.07;  Cl  46.79. 

4.  Isopropox ytitanium  trichloride.  The  flask  of  a  distillation  apparatus  was  charged  with  19  g  (0.1  mole)  of 
titanium  tetrachloride,  and  13.2  g  (0.1  mole)  of  trimethylisopropoxysilane  was  slowly  introduced  dropwise  from  a 
dropping  funnel.  The  mixture  was  strongly  exothermic.  The  trimethylchloroeilane  was  taken  off  in  vacuo.  The  resi¬ 
due  in  the  flask  was  washed  with  ligroine  and  analyzed  without  being  recrystallized.  M.p.  77-78*.  Yield  nearly 
theoretical. 

Found  %;  Cl  49.60.  Iso-C3H,OTiCl,.  Calculated  %:  Cl  49.88. 

SUMMARY 

Trialkylalkoxysilanes  react  with  titanium  tetrachloride  with  formation  of  trialkylchlorosilane  and  aikoxytitan- 
ium  chlorides.  Ethoxy  titanium  trichloride,  diethoxytitanium  dichloride,  butoxytitanium  trichloride,  and  isopropoxy- 
titanium  trichloride  were  syndiesized. 
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It  was  shown  earlier  that  acylation  of  slllcoorganic  compounds  containing  a  benzyl  group  at  the  silicon  atom 
leads  to  synthesis  of  slllcoorganic  diketodlcarboxyllc  acids  [1]. 

In  continuation  of  our  work  on  the  acylation  of  slllcoorganic  compounds,  we  carried  out  this  reaction  with  the 
aim  of  preparing  diketodlcarboxyllc  acids  widi  the  aid  of  phthallc  and  maleic  anhydrides  as  acylating  agents  and 
with  simultaneous  Introduction  of  methylphenylslloxane  groups  into  the  diketodlcarboxyllc  acid  molecule. 

Synthesis  of  dibasic  silicoorganic  diketo  acids  with  the  help  of  phthallc  anhydrldeas  acylating  agent  was  realized 
by  the  following  scheme; 


A.  CcIl5CU2Si(CIl3)2CI  + 


Cli, 


Ci_Si_CIl.A’,flH4C-<f  ^ 

I  II  \=. 


GH. 


MCI. 


-|-XCH,C,H,SICI, 
iiTo  ' 


cu. 


<1) 


I  [I  1  I 

IIOOGC„ll4CCeH4CIl2SiO-  SiO  — SiCH2C8H4CC„ll4COOlI 

11  I  LI  J*  I  Jl 

O  Gil,  GH,  Gill  6 


GHj 

(II) 


Dlketocarboxyllc  silicoorganic  acids  containing  a  number  of  methylphenylslloxy  groups  equal  to  X(X=  1,2,3, 4, 
5,10)  were  obtained  by  altering  the  ratio  of  the  acylation  product  (I)  to  methylphenyldichlorosilane  during  hydrolysis 
by  reaction  A.  These  acids  have  good  solubility  in  alcohol,  acetone,  ether,  benzene,  toluene,  carbon  tetrachloride, 
and  chloroform.  The  diketodlcarboxyllc  silicoorganic  acids,  both  unpurlfied  and  when  purified  via  their  salts,  are 
viscous,  transparent  liquids  that  do  not  crystallize  at  room  temperature  even  after  prolonged  standing.  The  viscosity 
of  the  acids  depends  on  the  number  of  methylphenylslloxane  groups  in  the  molecule,  and  it  Increases  with  the  num¬ 
ber  of  such  groups.  The  composition  and  structure  of  the  acids  were  confirmed  by  analytical  data  and  by  the  results 
of  infrared  examination. 

Fig.  1  contains  the  infrared  absorption  spectrum  for  the  diketodlcarboxyllc  acid  in  which  X  (the  number  of 
methylphenylslloxane  groups)  Is  ten.  The  figure  gives  the  vibration  frequencies  corresponding  to  the  following 
groups:  _ 

^-Si  (450  CM-i),  ^  ^  (500  cM-i), 

Si-CHs  (815  CM->).  81(0113)2  (855  cm-i),  OH  (936  cm"'),  Si— O  (1036,  1072,  i088ci|->), 
coon  (1285,  1306  cm-i),  C=0  (1678,  1700  cm*!) 


Using  maleic  anhydride  as  the  acylating  agent,  diketodlcarboxyllc  slllcoorganic  acids  were  prepared  by  the 
following  reaction; 
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yO 

HC-C<f 

B.  CeH5CH,Si(CH3)2Cl  +  II  >0 
HC-C4 
^0 


Air.i, 


r  CH3 

CISlCH2Cflll4CCH=CHCOOH 

L  CHa  (!) 

(Ill) 

CH3  CoHs 


+XCH,C,H|SICI, 

H,0 


HOOCCH=CHCCeH4CH2SiO-  SiO 

II  III 

0  CH,  CH, 


CH3 

-SiCH,CeH4CCH=CHC00H 


(Ih,  I 


(IV) 


Cohydrolysis  of  product  (III)  with  methylphenyldichlorosilane  gave  silicoorganic  diketodlcarboxylic  acids  In 
which  the  number  (X)  of  methylphenylsiloxane  groups  in  the  molecule  was  1,2,3,4,5,10.  All  of  the  acids  are  viscous 
liquids  that  do  not  crystallize  at  room  temperature.  They  have  good  solubility  in  alcohol,  ether,  benzene,  xylene, 
toluene,  and  chloroform.  The  elemental  composition  and  the  infrared  spectroscopic  data  are  consistent  with  the  above 
structure. 


In  Fig.  2  is  plotted  the  infrared  absorption  spectrum  of  the  diketodicarboxylic  acid  (IV)  in  which  the  number  (X) 
of  methylphenybiloxane  groups  is  3.  The  figure  confirms  the  presence  of  the  following  groups  in  the  compound: 


^-Si  (450,  1127  CM-i),  ^  (1155  cm-i),  Si-CHa  (798  cm-i),  Si-(CH3)2 

(842  cm-1),  oh  (940  cm"!).  Si— 0  (1040,  1090  cm-i),  GOOH  (1304,  1328  cm"!). 

C=0  (1661,  1698  CM-i). 
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EXPERIMENTAL 


Synthesis  of  diketodicarboxyllc  silicoorganic  acid  (II)  containing  one  methylphenylsiloxane  group.  3- Phenyl - 
1.5-bis(o-carboxyphenylketobenzyl)pentamethyltrisiloxane.  A  mixture  of  0.4  mole  of  anhydrous  aluminum  chloride, 
0.2  mole  of  benzyldimethylchlorosilane,  and  40  ml  of  chlorobenzene  was  put  into  a  flask  fitted  with  stirrer,  thermo¬ 
meter,  and  reflux  condenser.  In  the  course  of  an  hour  0.2  mole  of  phthalic  anhydride  was  stirred  intensively  in 
small  portions  into  the  mixture.  During  this  operation  the  temperature  rose  to  38-40*  and  hydrogen  chloride  was 
evolved.  The  mixture  was  then  heated  until  hydrogen  chloride  ceased  to  come  off.  It  was  then  cooled  to  18-20*, 

0.1  mole  of  methylphenyldichlorosilane  was  stirred  in,  and  hydrolysis  was  effected  with  20*^0  hydrochloric  acid  at 
a  temperature  not  exceeding  20*.  The  upper  aqueous  layer  was  separated  and  the  lower  layer  evaporated  in  vacuo 
to  constant  weight  at  120*  (20  mm)  and  then  treated  with  aqueous  sodium  carbonate  solution.  The  resulting  solution 
was  filtered.  After  the  filtrate  had  been  acidified  with  hydrochloric  acid,  the  product  that  separated  was  extracted 
with  toluene.  The  extract  was  washed  free  of  hydrochloric  acid  and  analyzed  after  distillation  of  the  solvent. 

Found  %  C  63.49;  H  6.42;  Si  11.29.  M  811;  acid  number  130.8.  C4,H4j08Si8.  Calculated  %  C  65.90;  H  5.67; 

Si  11.28.  M  747;  acid  number  149.9. 

The  same  procedure  was  applied  to  the  preparation  of  the  other  diketodicarboxyllc  slliccorganic  acids  (II) 
except  that  the  quantity  of  methylphenyldichlorosilane  was  varied  during  cohydrolysis.  Acid  (11)  wltfi  X  (number  of 
methylphenylsiloxane  groups)  =  2  was  obtained  by  carrying  out  the  reaction  with  0.2  mole  of  methylphenyldichloro¬ 
silane. 

Found  %  C  65.44;  H  6.17;  Si  12.24.  M  982;  acid  number  108.3.  C48Hb,09S14.  Calculated  °lo:  C  65.30;  H  5.71; 
Si  12.72.  M  883;  acid  number  126.8. 

With  0.3  mole  of  methylphenyldichlorosilane,  acid  (II)  was  obtained  in  which  X  =  3. 

Found  ‘7<>;  C  63.85;  H  6.64;  Si  13.82.  M  1200;  add  number  97.50.  CggHg^OjoSls.  Calculated  %  C  64.76;  H  5.73; 
Si  13.77.  M  1020;  acid  number  109.8. 

Using  0.4  mole  of  methylphenyldichlorosilane,  acid  (II)  was  obtained  with  X  =  4. 

Found  %  63.55;  H  6.20;  Si  13.87.  M  1220;  acid  number  92.03.  C^jH^eOiiSi^.  Calculated ‘7o:  c  64.42;  H  5.75; 

Si  14.58.  M  1156;  acid  number  96.8. 

Reaction  with  0.5  mole  of  methylphenyldichlorosilane  gave  acid  (II)  with  X  =  5. 

Found  %  C  64.00;  H  6.00;  Si  14.67.  M  1280;  acid  number  79.60.  C^gHTPijSiT.  Calculated  %  C  64.14;  H  5.77; 
Si  15.22.  M  1292;  acid  number  86.7. 

From  1.0  mole  of  methylphenyldichlorosilane  we  obtained  acid  (II)  with  X=  10. 

Found  Vo:  C  63.10;H  6.10;  Si  17.10.  M  2000;  acid  number  46.52.  C104H11P17SIJ2.  Calculated  C  63.31; 

H  5.82;  Si  17.10.  M  1973;  acid  number  56.7. 

Synthesis  of  diketodicarboxyllc  silicoorganic  acid  (IV)  containing  one  methylphenylsiloxane  group  (X  =  1). 
3-Phenyl- l,5-bis(carboxyvinylkctobenzyl)-pentamethyltrisiloxane.  Into  a  flask  equipped  with  stirrer,  thermometer, 
and  reflux  condenser  were  put  0.4  mole  of  anhydrous  aluminum  chloride,  0.2  mole  of  benzyldimethyldichlorosilane, 
and  50  ml  of  chlorobenzene.  In  the  course  of  35  min  0.2  mole  of  maleic  anhydride  was  stirred  into  the  mixture  in 
small  portions.  During  this  operation  the  temperature  was  observed  to  rise  to  40-45*  and  hydrogen  chloride  was  re¬ 
leased.  After  heating  until  hydrogen  chloride  was  no  longer  evolved,  the  mixture  was  cooled;  0.1  mole  of  methyl¬ 
phenyldichlorosilane  was  added  with  stirring,  and  hydrolysis  was  effected  with  20Vo  hydrochloric  acid  at  4-10*.  The 
product  of  cohydrolysis  was  extracted  with  toluene  and  washed  free  of  hydrochloric  acid.  The  solvent  was  driven  off 
and  the  product  analyzed. 

Found  %  C  59.30;  H  6.06;  Si  13.91.  M  744;  acid  number  148.2.  CjjHajOgSij.  Calculated  %  C  61.11;  H  5.92; 
Si  13.03.  M  647;  acid  number  173.1. 

We  used  the  same  procedure  when  synthesizing  other  diketodicarboxyllc  silicoorganic  acids  (IV),  only  varying 
the  quantity  of  methylphenyldichlorosilane  during  cohydrolysis.  Operation  with  0.2  mole  of  the  latter  gave  acid  (IV) 
containing  two  methylphenylsiloxane  groups  (i.e.  X  =  2). 


Found  C  58.97;  H  6.89;  SI  14.85.  M  848;  acid  number  123.6.  C4,H4|OgSl4.  Calculated  %  C  61.34;  H  5.92; 
Si  14.35.  M  783;  acid  number  143.0. 

Wltfi  0.3  mole  of  methylphenyldlchlorosllane,  acid  (IV)  was  obtained  with  X  =  3. 

Found  C  60.16;  H  6.89;  SI  14.98.  M  1219;  acid  number  113.6.  C4,HbPioS15.  Calculated  %  C  61.4;  H  5.92; 
Si  15.28.  M  919;  acid  number  121.9. 

With  0.4  mole  of  methylphenyldlchlorosllane,  acid  (IV)  was  obtained  with  X  =  4. 

Found  %.  C  59.34;  H  6.14;  Si  16.85;  M  1389;  acid  number  93.6.  C54)lejOi,S4.  Calculated  C  61.44;  H  5.92; 
SI  15.96.  M  1056;  acid  number  106.60. 

With  0.5  mole  of  methylphenyldlchlorosllane,  acid  (IV)  was  obtained  with  X  =  5. 

Found  "^iC  60.40;  H  6.48;  Si  16.69.  M  1792;  acid  number  80.3.  C^iHtoOi^I,.  Calculated  C  61.55;  H  5.92; 
SI  16.48.  M  1193;  acid  number  93.88. 

With  1.0  mole  of  methylphenyldlchlorosllane,  acid  (IV)  was  obtained  with  X=  10. 

Found  C  60.69;  H  6.04;  SI  17.91.  M  1282;  acid  number  48.8.  CjeHuoOpSlu.  Calculated  %  C  61.56;  H  5.92; 
Si  18.00.  M  1873;  acid  number  59.8. 


SUMMARY 


1.  The  aromatic  ring  of  benzyldlmethylchlorosllane  can  be  acylated  by  maleic  anhydride  In  presence  of  alum¬ 
inum  chloride. 

2.  It  was  shown  that  cohydrolysis  of  the  products  of  acylation  with  various  amounts  of  methylphenyldlchloro- 
silane  gives  dlketodlcarboxyllc  slllcoorganlc  acids  containing  various  numbers  of  phenylsiloxane  groups. 

3.  Slllcoorganlc  dlketodlcarboxyllc  acids  were  synthesized 


.GHr 


^'^•*3  /Gfllls 


CH, 


H00CCeH4CC6H4CH2Si-0-|Si01*-Si-CH2C6ll4CCeH4C00H. 


,5 


'^CH, 


^GH.,  ^GHn  XHg 

H00GGH=GHGGflH4GH2Si-0-(Si01*-Si-GH2G„Il4CGH=GHC00ir 

d  V,Hn  ^GeHs^GHn  J 


in  which  the  numbers  of  methylphenylslloxane  groups  (X)  were  1,2,3,4,5,10.  Their  properties  were  determined. 
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It  was  shown  earlier  that  under  the  action  of  dimethylformamide  and  phosphorus  oxychloride,  alkylthienyl 
sulfides  undergo  cleavage.  Aldehydes  are  formed  when  dimethylformamide  acts  on  the  corresponding  lithium  deriv¬ 
atives  [11.  It  was  also  shown  [21  that  alkylthienyl  sulfides  undergo  Wilsmeier  formylation  [31  with  formation  of  alde¬ 
hydes  in  good  yields. 

Our  present  communication  is  concerned  with  the  synthesis  and  transformations  of  aldehydes  from  2-thienylaryl 
sulfides  substituted  in  the  para  position  of  the  benzene  ring  by  methoxy  and  hydroxy  groups. 

Aldehydic  derivatives  of  these  types  of  sulfides  and  sulfones  are  of  Interest  as  intermediates  for  synthesis  of 
azomethines  [41  and  secondary  amines,  and  also  for  preparation  of  leuco  compounds  of  triarylmethane  dyes  [31  and 
other  compounds. 

2-Thienyl-(p-methoxyphenyl)  sulfide  (III)  was  prepared  in  48^0  yield  by  reaction  of  p-methoxyphenyldiazon 
lum  chloride  [61  with  lithium  2-thienylmercaptide  (II),  obtained  by  reaction  of  2-thienyllithlum  (I)  with  sulfur  [2, 

71.  A  secondary  product  isolated  in  this  process  had  the  composition  CjgHigOjSj  and  was  apparently  2-(p-methoxy- 
phenylmercapto)-3-(p’  -methoxyphenyl)thIophene  (IV). 


After  the  failure  of  attempts  to  synthesize  2-thienyl-(p-hydroxyphenyl)sulflde  (V)  by  reaction  of  phenol  with 
2-thlenylsulfene  chloride  [8,9]  and  by  demethylation  of  (III)  by  hydrobromlc  acid  [9],  it  was  obtained  in  SJf/o  yield 
by  reaction  of  thienyllithium  with  p,p’-dihydroxydiphenyl  disulfide  [10]  prepared  from  thiohydroquinone.  It  is  interes¬ 
ting  to  note  that  whereas  oxidation  of  (III)  with  acetone  solution  of  permanganate  gives  2-thienyl-(p-methoxyphenyl) 
sulfone  (VI)  in  83^o  yield,*  under  the  same  conditions  sulfide  (V)  gives  a  yellow  polymer  insoluble  in  alkali  and 
•Oxidation  with  permanganate  in  acetone  solution  in  presence  of  glacial  acetic  acid  of  sulfides  of  the  thiophene 
series  has  been  used  in  the  majority  of  cases  in  the  present  work  and  invariably  gave  good  results.  Sulfone  (VI)  is  also 
formed  by  permanganate  oxidation  in  aqueous  suspension, but  the  yield  is  lower  (687o)  and  the  product  less  pure. 


organic  solvents.  2-Thlenyl-(p-hydoxyphenyl)sulfone  (VII)  was  prepared  by  oxidation  of  the  benzoate  (VIII)  to  sulfone 

(IX) , which  was  then  saponified. 

Formylation  of  (III)  gave  5-(p-methoxyphenylmercapto)-2-thiophenealdehyde  (X)  In  567o  yield.  Its  structure 
was  confirmed  firstly  by  Klzhner  reduction  to  sulfide  (XI)  and  oxidation  of  the  latter  to  sulfone  (XII),  and  secondly 
by  oxidation  to  the  carboxylic  acid  (XIII).  Sulfone  (Xn)  and  acid  (XIII),  obtained  from  2-methylthlophene  and  from 

(X) ,  do  not  differ  in  properties,  and  their  mixed  melting  points  are  unchanged. 

Consequently  the  sole  product  of  formylation  of  (III)  Is  the  aldehyde  (X).  This  result  harmonizes  with  Ideas 
about  the  Wllsmeier  reaction  as  an  electrophilic  substitution  reaction.  Position  5  of  the  thiophene  ring  is  actually  the 
most  reactive  due  to  twofold  activation;  by  the  thiophenlc  sulfur  and  by  the  electron-donating  p-methoxyphenylmer- 
capto  group  in  position  2.  On  the  other  hand  the  position  ortho  to  the  methoxy  group  In  the  benzene  ring  is  insuffic¬ 
iently  activated  due  to  tlie  uncoordinated  orientation  of  the  two  first-order  substituents;  the  methoxy  group  and  the 
2-thlenylmercapto  group  fill. 

The  corresponding  aldehyde  could  also  be  expected  to  be  formed  with  facility  on  foimylatlon  of  sulfide  (V) 
since  we  know  that  treatment  of  resorcinol  and  its  dimethyl  ether  with  phosphorus  oxychloride  and  dimethylform- 
amide  gave  the  aldehydes  in  approximately  the  same  yields  [12].  However,  the  aldehyde  could  not  be  isolated  when 
(V)  was  formylated  under  the  conditions  employed  for  (III),  the  original  sulfide  being  recovered  to  the  extent  of  55*70. 

5-(p-Hydroxyphenyl)-2-thiophenealdehyde  (XIV)  was  obtained  in  small  yield  by  formylation  of  the  benzoyl 
derivative  (VIII)  and  hydrolysis  of  the  resulting  aldehyde  (XV).  Wllsmeier  formylation  did  not  lead  to  entry  of  an  alde- 
hydic  group  into  sulfones  (VI)  and  (VII).  Sulfone  (VI),  for  example,  was  recovered  unchanged  to  the  extent  of  97*7® 
after  it  had  been  treated  with  dlmethylformamide  and  phosphorus  oxychloride  for  6  hr  at  50*  and  2  hr  at  75*,  and  then 
held  for  two  days  at  room  temperature.  Metalation  of  (VI)  with  n- butyl  lithium  [13]  and  replacement  of  lithium  by 
the  formyl  group  by  the  action  of  dlmethylformamide  [14]  led  to  two  isomeric  aldehydes,  melting  at  149*  (XVI)  and 
91-92*  (XVII)  in  the  ratio  of  (XVI)  ;  (XVII)  s*  1  :  1.2.  The  stmcture  of  the  first  aldehyde  was  established  by  oxida¬ 
tion  to  acid  (XIII).  Aldehyde  (XVII)  was  also  converted  into  an  acid  with  m.p.  161-164*  (XVIII),  isomeric  with  acid 
(XIII).  The  position  of  the  aldehyde  group  in  (VII)  and  of  the  carboxyl  group  in  (XVIII)  has  not  yet  been  established. 
Constants,  yields,  and  analyses  of  the  compounds  obtained  in  the  present  work  are  set  forth  in  the  table. 

EXPERIMENTAL 

2-ThienyI-(p-methoxyphenyl)  sulfide  (III).  In  the  course  of  30  min  at  20*  a  solution  of  72  g  (1.127  moles)  of 
n-butyilithium  in  880  ml  of  ether  was  added  to  94.7  g  (1.127  moles)  of  thiophene  in  120  ml  of  absolute  ether.  After 
it  had  stood  for  30  min,  the  solution  was  cooled  to— 5*,  and  in  the  course  of  half  an  hour  addition  was  made  at  this 
temperature  of  36.06  g  (1.127  g-atom)  of  dry  sulfur  powder  (the  sulfur  was  dried  by  distillation  of  the  moisture  with 
benzene).  After  the  solution  had  been  heated  at  the  boll  for  an  hour.  It  was  cooled  to  0*,  and  water  (300  ml)  was 
carefully  stirred  in.  All  operation  were  performed  under  argon.  To  the  aqueous  layer  (separated  from  the  ether  layer 
at  30“),  heated  to  90*,  was  added  the  diazo  solution  with  stirring.  The  latter  was  jwepared  from  147.6  g  (1.2  moles) 
of  p-anisidine,  300  ml  of  concentrated  hydrochloric  acid,  450  ml  of  water,  and  82.8  g  of  sodium  nitrite  in  350  ml 
of  water  at  5-10*  followed  by  neutralization  with  sodium  acetate.  After  the  diazo  solution  had  been  added,  the  mix¬ 
ture  was  heated  on  a  water  bath  and  allowed  to  stand  overnight.  It  was  then  acidified  with  concentrated  hydrochloric 
acid  and  70  g  of  zinc  dust  was  added.  The  mixture  was  then  boiled  for  2.5  hr.  Reduction  of  the  resulting  dithienyl 
disulfide  took  place.  The  residue  after  steam  distillation  was  extracted  with  ether.  The  ethereal  extract  was  washed 
with  5*7o  alkali  solution,  with  hydrochloric  acid,  and  finally  with  water,  and  then  dried  with  magnesium  sulfate.  The 
solvent  was  distilled  off  and  the  residue  distilled  in  vacuo.  Yield  of  (III)  120.2  g  (48.47o).  B.p.  144-146*  (1  mm),  np 
1.6362. 

Compound  (XI)  was  prepared  by  the  same  route  from  lithium  5-methyl-2-thienylmercaptide  in  32f7o  yield.  B.p. 
158-160*  (0.5  mm),  ng  1.6248. 

Dilution  with  methyl  chloride  of  the  residue  after  distillation  of  (III)  led  to  deposition  of  8,1  g  of  crystals  (4*70 
reckoned  on  p-anisidine).  M.p.  120*  (from  methanol).  According  to  the  analytical  data,  the  product  is  2-(p-methoxy- 
phenylmercapto)-5-(p’-methoxyphenyl)thiophene  (IV). 

2 -Thienyl -(p-hydroxyphenyl)  sulfide  (V).  An  ethereal  solution  (461  ml)  containing  46  g  (0.72  mole)  of  n-butyl- 
lithium  was  stirred  in  the  course  of  30  min  into  65  g  (0.76  mole)  of  thiophene  in  100  ml  of  absolute  ether  at  a  temper¬ 
ature  not  exceeding  20*.  After  stirring  for  20  min,  the  mixture  was  cooled  to  0*  and  a  solution  of  60.2  g  (0.24  mole) 
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Notes,  a)  Suggested  structure;  b)  semicarbazone  m.p.  198. 5-199.5*,  found  '’1°'.  N  13.59,  13.74.  Ci^HjsOjNsS.  Calculated  N  13.67;  c)  prepared 
from  (XI);  d)  prepared  from  (X);  e)  semicarbazone  m.p.  211-212*,  found  14.33.  CuHuNjOjSj. Calculated  n  14.32;  f)  semicarbazone  m.p. 
208-209";  g)  position  of  carbonyl  group  not  established;  h)  position  of  carboxyl  group  not  established. 


of  p,p'-dihydroxydiphenyl  disulfide  (m.p.  146-148*)  [15]  in  100  ml  of  absolute  ether  was  added.  After  It  had  been  stir¬ 
red  for  an  hour,  the  mixture  was  heated  at  the  boil  for  2  hr  and  then  left  overnight.  The  mass  was  poured  Into  Ice 
water  and  the  ether  layer  collected  and  washed  with  3lo  sodium  hydroxide  solution.  An  oil  separated  out  on  acidifica¬ 
tion  of  the  alkaline  layer  and  was  extracted  with  ether.  The  ether  extract  was  washed  with  water,  with  sodium  bicarbo¬ 
nate  solution  and  again  with  water,  and  dried  with  calcium  chloride.  The  solvent  was  distilled  off  and  the  residue  dis¬ 
tilled  in  vacuo  to  give  14.34  g  (41.4°h)  of  thiohydroquinone  with  b.p.  102-106“  (2  mm)  and  29.45  g  (59^)  of  (V)  with 
b.p.  158-160*  (1  mm).  The  product  crystallized  rapidly,  and  after  three  recrystallizations  from  hexane  it  was  obtained 
in  the  form  of  slender  needles  with  m.p.  53.5-54.5*. 

2-Thienyl-(p-methoxyphenyl)  sulfone  (VI).  Into  a  solution  of  6.66  g  (0.03  mole)  of  (III)  in  50  ml  of  glacial  ace¬ 
tic  acid  at  20*  was  stirred  a  solution  of  10  g  of  potassium  permanganate  in  300  ml  of  acetone.  The  mixture  was  heated 
and  stirred  at  40*  for  30  min,  then  treated  with  sodium  bisulfite  solution  and  diluted  with  water  until  precipitate  ceased 
to  come  down.  Yield  of  (VI)  6.47  g  (8&1o),  M.p.  116-117*  (from  dilute  alcohol). 

The  same  method  was  used  for  oxidation  of  (VIII)  to  (IX),  of  (XI)  to  (XII),  and  of  (X)  to  (XIII). 

2-Thienyl-(p-benzoyloxyphenyl)  sulfide  (VIII).  Schotten— Baumann  reaction  of  8.56  g  (0.0412  mole)  of  (V)  with 
5.5  ml  of  benzoyl  chloride  in  20  ml  of  l(fJo  sodium  hydroxide  gave  11.45  g  (9(fJo)  of  (VIII)  with  m.p.  75-76  *  (from 
hexane). 

2-Thienyl-(p-hydroxyphenyl)  sulfone  (VII).  A  mixture  of  0.5  g  of  (IX),  5  g  of  sodium  hydroxide  and  50  ml  of 
anhydrous  methanol  was  boiled  for  30  min.  The  cooled  solution  was  acidified  with  100  ml  of  phosphoric  acid  (d  1,04). 
After  the  benzoic  acid  had  been  distilled  with  steam,  0.2  g  (55^o)  of  (VII)  came  down;  m.p.  181-182*  (from  aqueous 
alcohol). 

5-(p-Methoxyphenylmercapto)-2-thiophenealdehyde  (X).  To  a  solution  of  11.11  g  (0.05  mole)  of  (III)  in  20  ml 
of  dimethylformamide  was  added  7.65  g  (0.05  mole)  of  phosphorus  oxychloride  in  30  min  at  0*  with  good  stirring.  The 
mass  was  then  stirred  at  room  temperature  and  allowed  to  stand  overnight.  The  red  solution  was  poured  into  200  ml 
of  saturated  sodium  acetate  solution  at  0*.  The  yellow  precipitate  was  washed  with  water,  1  N  HCl,  bicarbonate  solu¬ 
tion,  and  again  with  water.  Weight  of  dry  product  6.76  g  (547o);  m.p.  64-65*  (from  hexane). 

Semicarbazone:  m.p.  198.5-199.5*  (from  aqueous  alcohol). 

5-Methyl-2-thienyl-(p-methoxyphenyl)8ulfone  (Xll).  A  mixture  of  2.5  g  of  (X),  8  ml  of  ethylene  glycol,  and 
2  ml  of  hydrazine  hydrate  was  shaken  and  heated  until  a  yellow  solution  had  formed.  After  addition  of  2  g  of  potas¬ 
sium  hydroxide,  the  mixture  was  heated  at  the  boil  for  an  hour.  The  oily  layer  was  extracted  with  ether.  The  ether 
extract  was  washed  with  l(f}o  hydrochloric  acid,  with  sodium  bicarbonate  solution,  and  with  water.  Drying  was  then 
effected  with  magnesium  sulfate  and  the  solvent  was  removed.  The  resulting  yellow  oil,  without  distillation,  was 
dissolved  in  acetone  and  oxidized  with  10  g  of  potassium  permanganate  by  the  method  described  for  (VI).  There  was 
obtained  1.22  g  (45*70)  of  (XII).  M.p.  71-72*.  A  mixture  with  (Xn)  obtained  from  lithium  5-methyl-2-thienylmercap- 
tide  via  (XI)  did  not  exhibit  a  depression  of  melting  point. 

Found  Vo;  C  53.78,  53.51;  H  4.54,  4.72;  S  23.54,  23.28.  C^HiPaSi.  Calculated  V>;  C53.71;  H  4.51;  S  23.89. 

5-(p-Methoxyphenylsulfonyl)-2-thiophenecarboxylic  acid  (XIII).  a)  Oxidation  of  0.3  g  of  (XII)  was  effected 
with  potassium  permanganate  (0.32  g  of  KMn04,  0.5  g  of  KOH,  and  20  ml  of  water)  at  95*.  The  filtrate  was  evapora¬ 
ted  and  acidified  with  lOV®  hydrochloric  acid  to  give  0.02  g  (6Vo)  of  (XIII)  with  m.p.  222-223*  (from  methanol). 

Found  Vo;  C  48.44,  48.65;  H  3.50,  3,32;  S  21.31,  21.31.  CuHiqO^j.  Calculated  %.  C  48.31;  H  3.38;  S  21.49. 

b)  Oxidation  of  0.5  g  (0.0025  mole)  of  (X)  was  effected  with  5  g  of  potassium  permanganate  by  the  method 
described  for  preparation  of  (VI).  There  was  obtained  0.63  g  of  (XIII)  (quantitative  yield).  M.p.  225-226*  (from  aqueous 
alcohol).  No  depression  of  melting  point  in  a  mixed  melting  test  with  (XIII)  prepared  from  (XU). 

c)  To  a  solution  of  0.09  g  of  (XVI)  in  6  ml  of  glacial  acetic  acid  was  added  2  ml  of  30Vo  hydrogen  peroxide.  The 
mixture  was  heated  on  a  boiling  water  bath  for  an  hour  and  then  left  to  stand  overnight.  The  solution  was  filtered 

and  the  filtrate  diluted  with  water  to  give  0.07  g  (74Vo)  of  (XIII)  with  m.p.  223-224*  (from  dilute  methanol).  A  mix¬ 
ture  with  (XIII)  prepared  from  (XII)  did  not  give  a  depression  of  melting  point. 

5-(p-Methoxyphenylsulfonyl)-2-thiophenealdehyde  (XVI).  An  ethereal  solution  containing  0.96  g  (0.015  mole) 
of  n-butyllithium  was  added  in  the  course  of  15  min  to  3.81  g  (0.015  mole)  of  (VI)  dissolved  in  a  mixture  of  110  ml 
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of  absolute  ether  and  85  ml  of  anhydrous  benzene  at  5*.  After  stirring  for  1.5  hr  at  10-18*  and  for  10  min  at  the  boil, 
addition  was  made  at  5*  of  2  g  (0.03  mole)  of  dimethylformamide  in  10  ml  of  absolute  ether,  and  the  mixture  was 
left  overnight  under  nitrogen.  After  boiling  for  an  hour  the  mass  was  cooled  and  poured  into  ice  water.  The  organic 
layer  was  separated  and  washed  with  dilute  hydrochloric  acid,  sodium  bicarbonate,  and  water.  It  was  then  dried  over 
magnesium  sulfate.  The  solid  product  (3.20  g)  remaining  after  distillation  of  the  ether  was  treated  with  concentrated 
sodium  bisulfite  solution.  The  solution  was  extracted  with  ether  and  benzene,  and  from  the  extracts  we  isolated  0.45  g 
(20^)  of  the  original  (VI).  Addition  of  dilute  hydrochloric  acid  to  the  bisulfite  solution  led  to  separation  of  a  mixture 
of  formyl  derivatives  (XVI  and  XVII)  with  m.p.  75-110*.  The  aldehyde  (XVI)  was  isolated  by  fractional  crystalliza¬ 
tion  from  alcohol.  M.p.  148-149*. 

A  substance  was  isolated  from  the  mother  liquors  after  separation  of  (XVI).  After  several  recrystallizations  from 
alcohol,  then  from  a  mixture  of  hexane  and  benzene,  and  finally  from  benzene,  the  substance  had  m.p.  91-92*  (XVII); 
it  was  isomeric  with  (XVI).  The  position  of  the  formyl  group  was  not  established.  The  approximate  ratio  of  (XVI)  to 
(XVII)  was  1:1.2. 

Aldehyde  (XVII)  was  oxidized  to  the  carboxylic  acid  by  the  method  used  for  preparation  of  (VI).  M.p.  of  (XVIII) 
161-164*. 

5-(p-Benzoyloxyphenylmercapto)-2-thiophenealdehyde  (XV).  To  a  solution  of  5.8  g  (0.0186  mole)  of  (VIII)  In 
20  ml  of  dimethylformamide  at  0*  was  added  1.83  ml  (0.02  mole)  of  phosphorus  oxychloride  in  the  course  of  15  min. 
The  mass  was  stirred  for  an  hour  while  the  temperature  rose  to  room  temperature,  and  then  for  3  hr  at  70*.  It  was 
then  left  to  stand  for  60  hr  at  room  temperature.  The  dark-red  solution  was  poured  into  saturated  sodium  acetate  solu¬ 
tion.  After  the  usual  washings  and  drying,  the  precipitate  weighed  5.69  g  and  had  m.p.  48-78*.  Its  ethereal  solution 
was  shaken  with  concentrated  sodium  bisulfite  solution  for  20  hr.  The  precipitate  was  separated  from  the  ethereal 
layer  [from  the  latter  was  isolated  3.8  g  (66*7^)  of  the  original  (VIII)  with  m.p.  63-67“]  and  washed  with  ether.  The 
precipitate  (insoluble  in  water)  was  heated  for  15  min  with  dilute  hydrochloric  acid.  An  oil  separated  and  crystallized 
after  cooling.  Yield  0.8  g  (12.67<’)  of  (XV)  with  m.p.  84-85“  (from  alcohol). 

Semicarbazone:  m.p.  208-209“  (from  aqueous  alcohol). 

5-(p-Hydroxyphenylmcrcapto)-2-thiophenealdehyde  (XIV).  A  mixture  of  0.44  g  of  (XV),  6  ml  of  concentrated 
hydrochloric  acid,  and  20  ml  of  glacial  acetic  acid  was  boiled  for  3  hr.  A  green,  crystalline  product  (0.28  g)  came 
out  after  cooling  and  dilution  with  water;  m.p.  102-130*.  From  this  was  recovered  0.09  g  of  (XV)  with  m.p.  74-80* 
after  washing  with  cold  sodium  hydroxide  solution.  Acidification  of  the  alkaline  filtrate  with  5^o  hydrochloric  acid 
gave  0.17  g  (approximately  567<’)  of  (XIV)  with  m.p.  153-154*  (yellow  crystals  from  CHjClj). 

Semicarbazone:  m.p.  211-212*  (from  aqueous  alcohol). 

SUMMA  RY 

1.  The  following  compounds,  not  previously  described,  were  prepared: 2- thienyl-(p-methoxyphenyl)  sulfide 
5-methyl-2-thienyl-(p-methoxyphenyl)  sulfide,  their  sulfones,  and  their  formyl  derivatives. 

2.  Wilsmeier  formylation  of  2-thienyl-(p-methoxyphenyl)  sulfide  gave  5-(p-methoxyphenylmercapto)-2-thio- 
phenealdehyde. 

3.  Metalation  of  2-thienyl-(p-methoxyphenyl)  sulfone  and  replacement  of  the  metal  by  the  formyl  group  gave 
a  mixture  of  two  aldehydes,  one  of  which  was  shown  to  have  the  structure  of  5-(p-methoxyphenylsulfonyl)-2-thio- 
phenealdehyde. 
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The  well-known  hydrohalides  of  imidoesters  are  formed  by  interaction  of  nitriles,  hydrogen  halides,  and  pri¬ 
mary  or  secondary  alcohols  (reaction  1). 


HCN  ^  iron  4  lir.l - .. 
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(1) 


Nothing  has  been  published  about  the  reaction  of  nitriles,  hydrogen  halides,  and  tertiary  alcohols.  We  know 
only  that  imidoesters  are  not  formed  in  the  reaction  [1,2]. 

In  the  present  work  we  studied  the  reaction  in  the  cold  between  nitriles,  tetiary  alcohols,  and  hydrogen  chloride. 

It  was  found  that  the  reaction  very  often  gives  tertiary  alkyl  chlorides  and  chlorides  of  iminohydrlns (amide hydro¬ 
chlorides)  (reaction  2).  These  are  also  obtained  by  reaction  of  nitriles  and  hydrogen  chloride  with  water  [3,4]  or  with 
acids  [5,  6]. 
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Amide  Hydrochlorides  from  Nitriles,  Dimethylisobutylcarbinol,  and  Hydrogen  Chloride 
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Notes.  1.  Literature  data  [4];  142*.  2.  Mixture  of  chloroacetamide  and  its  hydrochloride; 
yield  calculated  from  nitrogen  content  of  solid.  3.  Mixture  of  hydrochlorides  [5];  yield 
calculated  from  chlorine  content  of  solid.  4.  Literature  data  [4]:  50-60*.  5.  Experiment 
carried  out  in  toluene. 6.  Literature  data  [4];  85*.  7.  Literature  data  [4];  68*. 
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We  see  from  the  tabulated  results  that  excess  of  any  of  the  starting  components  accelerates  reaction  (2).  The 
rate  of  formation  of  amide  hydrochlorides  decreases  with  changing  character  of  radical  R  in  approximately  the  same 
sequence  as  was  observed  for  hydration  of  nitriles  with  water  in  presence  of  hydrogen  chloride  [4]. 

Some  hitriles  (ethoxypropionitrile,  capronitrile)  did  not  give  iminohydrin  chlorides  after  prolonged  standing 
with  hydrogen  chloride  and  a  tertiary  alcohol.  Results  similar  to  those  obtained  with  dimethylisobutylcarbinol  (set 
forth  in  the  table)  were  obtained  in  reactions  with  nitriles  of  trimethylcarbinol,  dimethylethylcarbinol,  dimetnyli^opyl- 
carbinol,  and  other  tertiary  alcohols. 

It  was  found  that  different  reactions  can  predominate  during  preparation  of  the  chlorides,  depending  on  the 
nature  of  the  starting  nitrile  and  the  experimental  conditions. 

It  is  widely  assumed  [7]  that  reaction  of  alcohols  with  hydrogen  chloride  according  to  equation  (3)  initially  gives 
an  oxonium  ion  which  subsequently  undergoes  scission  at  the  carbon -oxygen  bond  into  water  and  carbonium  ion;  the 
latter  is  stabilized  by  reaction  with  chloride  ion.  In  the  case  of  tertiary  alcohols, reaction  (3)  goes  with  relative  faci¬ 
lity.  It  is  logical  to  assume  that  the  liberated  water  can  react  with  the  products  of  reaction  of  nitriles  with  hydrogen 
chloride,  for  example  with  immonium  chloride  chlorides  (equation  4)  with  formation  of  amide  hydrochlorides  [3] 
(equation  5). 
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However,  since  tertiary  alcohols  do  not  react  in  the  cold  to  any  substantial  extent  with  hydrogen  chloride  (equa¬ 
tion  3)  when  heavily  diluted  with  inert  solvent,  while  amide  hydrochlorides  and  alkyl  halides  are  nevertheless  formed 
in  presenceof  nitriles,  it  becomes  necessary  to  seek  for  another  mechanism  to  explain  reaction  (2). 

A  second  possible  mechanism  for  reaction  (2)  involves  initial  reaction  of  nitriles  and  hydrogen  chloride  with 
tertiary  alcohols  in  the  same  way  as  with  primary  and  secondary  alcohols,  i.e.  with  formation  of  imidoester  hydro¬ 
chlorides  (reaction  1).  Due  to  the  presence  of  hydrogen  chloride,  however,  the  Pinner  rearrangement  [8,  9]  subse¬ 
quently  takes  place 
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ci-  4-  ii'Ci 
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The  latter  reaction  is  usually  effected  by  heating  of  the  imidoester  salts  in  the  absence  of  free  hydrogen  chlo¬ 
ride,  and  therefore  the  products  are  not  the  amide  hydrochlorides  but  the  free  amides.  Reaction  (6)  also  accounts  for 
the  formation  of  amides  instead  of  imidoester  salts  on  reaction  of  trichloroacetonitrile  with  alcohols  and  hydrogen 
chloride  [9].  The  formation  in  the  present  reaction  and  in  other  reactions  [4]  with  trichloroacetonitrile  not  of  the 
hydrochloride  but  of  the  free  amide  is  evidently  due  to  the  considerable  negative  inductive  effect  brought  about  by 
the  three  chlorine  atoms, which  cause  the  nucleophilic  properties  of  the  amide  oxygen  to  be  so  weakened  that  it  be¬ 
comes  incapable  of  attracting  a  proton. 

According  to  a  third  possible  mechanism  of  reaction  (2),  the  direct  products  of  interaction  of  nitriles  and  hydro¬ 
gen  chloride  and,  in  particular,  immonium  chloride  chlorides  (reaction  4)  lead  to  eplacement  of  the  hydroxyl  group 
of  the  tertiary  alcohol  by  a  chlorine  atom.  This  postulate  is  based  on  the  work  of  Seikina  [10]  who  showed  that  qua¬ 
ternary  ammonium  salts  in  reactions  with  alcohols  exhibit  dehydrating  properties  through  intermediate  formation  of 
oxonium  complexes.  Heating  of  alcohols  with  pyridine  hydrochloride,  for  example,  converts  them  intomixtures  of 
olefins,  alkyl  halides  and  ethers.  We  may  therefore  suggestthat  immonium  chloride  chlorides  (or  other  products  of 
interaction  of  nitriles  and  hydrogen  chloride  with  enhanced  electrophilic  reactivity)  can  also  bring  about  dehydra¬ 
tion  of  alcohols  and  that  the  process  will  proceed  with  particular  facility  in  the  case  of  tertiary  alcohols.  The  initial 
step  in  reaction  of  immonium  chloride  with  an  alcohol  may  be  schematically  represented  [10]  by  equation  (7),  ac¬ 
cording  to  which  the  deprotonized  immonium  chloride  is  split  into  the  starting  components. 
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The  resulting  oxonium  ion  is  further  cleaved  to  give  a  carbonium  ion  and  a  molecule  of  water.  The  latter  then 
reacts  with  the  nitrile  and  hydrogen  chloride  as  in  reactions  (4)  and  (5). 

Finally,  we  may  attribute  the  stability  of  tertiary  alcohols  in  presence  of  hydrogen  chloride  and  certain  nitriles 
with  a  high  measure  of  probability  to  weak  interaction  of  these  nitriles  with  hydrogen  chloride  under  the  experimental 
conditions,  i.e.  they  do  not  give  electrophilic  compounds  capable  of  removing  water  from  alcohols. 

A  study  was  also  made  of  the  interaction  of  acetonitrile,  adiponitrile,  and  chloroacetonitrile  (which  differ  in 
reactivity)  with  hydrogen  chloride  and  a  secondary  alcohol  (cyclohexanol).  Experiments  were  run  under  the  conditions 
of  formation  of  immoniumhydrin  chlorides  from  nitriles,  tertiary  alcohols,  and  hydrogen  chloride.  Each  of  the  three 
nitriles  behaved  differently.  Acetonitrile  did  not  react  in  excess  of  solvent  with  secondary  alcohols  (although  in  the 
absence  of  solvent  the  reaction  goes  with  formation  of  iminoether  salts  [11]).  Adiponitrile  gave  a  nearly  quantitative 
yield  of  the  dicyclohexyl  imidoadipate  hydrochloride.  The  preciptate  from  a  solution  of  chloroacetonitrile,  cyclo¬ 
hexanol,  and  hydrogen  chloride  in  ether  consisted  (as  in  the  case  of  teriary  alcohols)  of  a  mixture  of  chloroacetamide 
and  its  hydrochloride.  On  the  other  hand,  if  hydrogen  chloride  was  passed  into  cyclohexanol  and  chloroacetonitrile  in 
the  absence  of  solvent,  the  reaction  mixture  very  quickly  solidified  completely  with  formation  of  the  cyclohexyl 
imidochloroacetate  hydrochloride  (reaction  1).  This  salt  could  be  kept  substantially  unchanged  under  ether  saturated 
with  hydrogen  chloride  for  a  week  at  0®  under  normal  conditions.  In  our  experiments,  therefore,  chloroacetamide 
hydrochloride  is  not  a  product  of  cleavage  of  the  corresponding  iminoester  hydrochloride  according  to  reaction  (6)  but 
was  probably  formed  by  the  third  mechanism. 

In  conclusion, the  authors  thank  M.  M.  Bershtein  for  assistance  during  the  work. 

EXPERIMENTAL 

The  starting  substances  were  the  nitriles  prepared  earlier  [4].  Tertiary  alcohols  were  synthesized  from  the  corres¬ 
ponding  ketones  and  organomagnesium  compounds.  Dimethylisobutylcarbinol  had  d/®  0.8120,  np^  1.4173;  dimethyl- 
propyl  carbinol  had  d4^  0.8313,  n^^  1.4119  in  agreement  with  the  literature  [12]. 

Acetimmoniumhydrin  chloride  and  2-chloro-2,4-dimethylpentane.  a)  Experiment  6.  A  mixture  of  6.15  g  of 
acetonitrile  and  17.4  g  of  dimethylisobutylcarbinol  at  0®  was  saturated  with  hydrogen  chloride.  The  following  day 
13.2  g  of  acetimmoniumhydrin  chloride  was  filtered  from  the  reaction  mixture;  m.p.  142®  (decomp.);  hydrolysis 
gave  acetamide  [4].  The  filtrate  (17.5  g)  was  washed  with  water,  with  weak  bicarbonate  solution,  and  again  with 
water,  dried  over  calcium  chloride,  and  fractionally  distilled.  There  was  obtained  13.0  g  (60%)  of  2-chloro-2,4-di- 
methylpentane. 

B.p.  128®  (750  mm),  n^^  1.4190,  d4“  0.8600.  Literature  [13]:  b.p.  52®  (46  mm),  1.4180,  d4“  0.8601. 

Found  %:  Cl  25.8.  C7H1SCI.  Calculated  %:  Cl  26.2. 

b)  Experiment  5.  Hydrogen  chloride  (9  g)  was  passed  into  a  solution  of  2.15  g  of  acetonitrile  and  5.8  g  of  di¬ 
methylisobutylcarbinol  in  30  ml  of  absolute  ether.  After  the  lapse  of  9  days,  acetimmoniumhydrin  chloride  (4.7  g) 
was  filtered  off;  fractional  distillation  of  the  mother  liquor  gave  2.7  g  of  2-chloro-2,4-dimethylpentane  identical 
with  the  product  of  experiment  6. 

c)  The  same  alkyl  chloride  was  also  obtained  when  hydrogen  chloride  was  passed  into  the  carbinol  at  0*.  The 
alkyl  chloride  was  not  formed  when  hydrogen  chloride  was  passed  into  a  10%  solution  of  dimethylisobutylcarbinol 
in  ether. 

Acetimmoniumhydrin  chloride  and  2-chloro-2-methylpentane.  From  a  mixture  of  2.15  g  of  acetonitrile  and 
5.1  g  of  dimethyl  propylcarbinol  in  15  ml  of  ether  saturated  with  hydrogen  chloride  in  the  course  of  24  hr  at  5®  was 
obtained  4.4  g  of  acetimmoniumhydrin  chloride.  From  the  filtrate  was  isolated  2.5  g  of  2-chloro-2-methylpentane. 

B.p.  62®  (150  mm),  n^^  1.4132,  d4“  0.8621.  Literature  [14]:  b.p.  105-107®  (746  mm),  np*®  1.4128,  d4*’  0.8610. 

Dicyclohexyl  imidoadipate  hydrochloride.  Hydrogen  chloride  (27  g)  was  passed  into  a  solution  of  5.4  of  adipo¬ 
nitrile  and  10.0  g  of  cyclohexanol  in  30  ml  of  ether  at  0®.  Dicyclohexyl  imidoadipate  hydrochloride  (19  g)  was  fil¬ 
tered  after  three  days;  m.p.  138-140®  (decomp.)  (from  acetic  acid  and  ether). 


Cl-  — R'0<  -f  RCN  +  HCl  +  C1‘ 
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Found  %  Cl  18.7;  N  7.4.  C„Hs^2NjClj.  Calculated  %  Cl  18.6;  N  7.35. 

The  salt  (10  g)  was  dissolved  in  the  cold  in  water  and  neutralized  widi  weak  potassium  carbonate  solution. 

After  an  hour,  7.4  g  (Ol^o)  of  dicyclohexyl  imidoadipate  was  filtered  off  m.p.  37*;  literature  [15];  36*. 

Interaction  of  chloroacetonitrlle,  hydrogen  chloride,  and  cyclohexanol.  a)  From  11.4  g  of  chloroacetonltrile, 
15.1  g  of  cyclohexanol.  and  14  g  of  hydrogen  chloride  in  40  ml  of  ether  in  the  course  of  6  days  at  12*  was  obtained 
3.0  g  of  a  mixture  of  chloroacetimmoniumhydrin  chloride  and  chloroacetamide.  The  product  (2.0  g)  was  dissolved 
in  water  and  neutralized  with  potassium  carbonate  solution.  The  resulting  precipitate  (1.35  g)  had  m.p.  120*  and 
did  not  give  a  depression  with  authentic  chloroacetamide. 

Hydrogen  chloride  and  ether  were  distilled  from  the  mother  liquor  after  separation  of  the  chloroacetimmonium¬ 
hydrin.  An  oily  product  came  down  (4.8  g)  which  after  recrystallization  from  water  melted  at  119*  and  was  identical 
with  the  chloroacetamide  described  above.  Continuation  of  the  fractional  distillation  yielded  two  fractions:  70- 
130*  (2.6  g)  and  130-144"  (2.9  g).  The  residue  weighed  2.3  g.  Redistillation  of  the  2nd  fraction  gave  1.6  of  cyclohexyl 
chloride. 

B.  p.  142".  np***  1.4611;  literature  [12];  b.p.  142",  njj*  1.4626. 

b)  The  product  formed  by  saturation  with  hydrogen  chloride  of  equimolar  quantities  of  chloroacetonitrile  and 
cyclohexanol  solidified  completely  within  an  hour.  The  resulting  hydrochloride  of  the  cyclohexyl  iminoester  of 
chloroacetic  acid  was  dissolved  in  acetic  acid  and  precipitated  by  ether. 

Found  %;  cr  16.5;  N  6.3.  CigHj^NClj.  Calculated  Cl"  16.8;  N  6.6. 

Hydrolysis  of  7  g  of  salt  gave  5.2  g  of  cyclohexyl  chloroacetate. 

B.p.  119"  (20  mm),  nu*  1.4680,  d4“  1.1379,  MRp  43.14;  calc.  43.46. 

Literature  [16];  b.p.  101-102*  (11  mm). 


SUMMARY 

1.  It  was  shown  that  chlorides  of  immoniumhydrins  (amide  hydrochlorides)  and  tertiary  alkyl  chlorides  are 
formed  on  interaction  of  nitriles,  hydrogen  chloride,  and  tertiary  alcohob. 

2.  Possible  reaction  mechanbms  are  considered.  It  b  suggested  that  chlorides  of  immoniumhydrins  are  formed 
by  addition  of  water  to  products  of  interaction  of  nitriles  with  hydrogen  chloride.  The  water  can  be  derived  from  re¬ 
action  of  tertiary  alcohob  with  hydrogen  chloride  or  with  electrophilic  products  of  interaction  of  the  latter  with 
nitriles.  Chlorides  of  immoniumhydrins  are  probably  abo  products  of  cleavage  of  the  initially  formed  hydrochlorides 
of  imidoesters.  One  mechanbm  or  the  other  may  (»redominate,  depending  on  the  character  of  die  starting  components 
and  on  the  reaction  conditions. 
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Very  little  Information  has  been  published  about  the  acidic  catalysis  of  isotopic  hydrogen  exchange  In  CH  bonds 
of  organic  compounds.  This  paper  is  the  follow-up  to  a  short  note  on  this  subject  [1]. 

Polanyi  et  al.  [2]  and  Kilt  and  Langseth  [3]  established  that  deuteroexchange  between  HCl  and  benzene  Is  ca¬ 
talyzed  by  AlClj.  The  analogous  reaction  in  liquid  DBr  is  catalyzed  by  AlBr3  [4].  We  have  now  compared  the  catalytic 
activity  of  a  series  of  bromides  and  have  found  that  the  activity  declines  in  the  sequence:  AlBr3>  GaBr3>  FeBr3i^ 

BBr3>  SbBr3>  TiBr43t>  SnBr4.  InBr3  is  an  active  catalyst.  Formation  of  a  stable  complex  between  catalyst  and  substrate 
(nitrobenzene,  benzoic  acid)  suppresses  deuteroexchange,  just  as  other  electrophilic  hydrogen  substitution  reactions 
in  aromatic  compounds  arc  suppressed. 

The  results  are  of  interest  for  characterization  of  the  relative  activity  of  Friedel- Crafts  catalysts  and  for  inter¬ 
pretation  of  the  mechanism  of  acidic  hydrogen  exchange  in  aromatic  compounds. 

EXPERIMENTAL 

Preparations.  The  following  bromides  were  synthesized  from  the  elements*  :  BBr3[5](-46.9*),  AlBr3[6,7](97.5*), 
GaBr3[8](120.3“).  lnBr3[7,9].  SnBr4[7]  (30.5"),  SbBr3  [21  (96.6*),  FeBr3[10].  TiBr4  (39.5")  was  prepared  by  reaction  of 
bromine  with  a  mixture  of  TiOj  and  carbon  [7,11].  Excess  of  bromine  was  removed  from  the  bromides  by  blowing 
with  dry  nitrogen  or  carbon  dioxide.  In  the  case  of  BBr3  bromine  was  removed  by  vigorous  shaking  with  mercury.  All 
of  the  substances  (except  FcBr3)  were  distilled  several  times  in  vacuo  (AlBr3  over  Al  SbBr3  over  Sb).  The  bromides 
were  sealed  in  vacuo  into  ampoules  with  a  thin-walled  concave  base.  All  of  the  substances  except  TiBr4  and  FeBr3 
were  perfectly  colorless.  Direct  comparison  of  the  catalysts,  which  differed  considerably  in  activity,  was  made  possi¬ 
ble  by  the  selected  method  of  charging  accurately  weighed  samples  of  bromide  into  thln-walled  glass  bulbs  and  by 
the  procedure  for  sealing  them  in  the  containers  without  contact  with  atmospheric  moisture  [12]. 

Benzene  (cryoscopic  grade)  was  distilled  over  metallic  sodium.  Samples  of  benzene  were  weighed  in  the  dry 
compartment  into  thin-walled,  small  ampoules  illustrated  in  Fig.  3  of  paper  [13].  Benzoic  acid  (Kahlbaum)  was  sub¬ 
limed  several  times  in  vacuo  (m.p.  123").  Nitrobenzene  (Kahlbaum)  was  dried  over  CaCl2  and  distilled  several  times 
in  vacuo  (b.p.  210",  np*®  1.5515). 

Experimental  procedure.  Deuterium -containing  liquid  hydrogen  bromide**  was  prepared  in  the  apparatus 
described  earlier  [13].  The  test  tubes  for  the  catalytic  experiments  had  the  altered  shape  and  dimensions  shown  in 
the  figure.  On  the  rim  of  the  test  tube  was  placed  a  spiral  glass  mallet  onto  which  was  carefully  lowered  the  con¬ 
cave-bottomed  ampoule  containing  the  weighed  sample  of  catalyst.  The  small  ampoule  containing  the  weighed 
sample  of  benzene  or  other  substance  was  then  introduced.  After  the  test-tubes  had  been  filled  with  liquid  DBr,  they 
were  sealed  off  from  the  apparatus  and  placed  in  a  thermostat  (25  ±  0.1")  or  cryostat  [14]  (-21  ±  1").  The  ampoules 
containing  the  substance  were  crushed  by  raising  the  vapor  pressure  of  the  solvent,  and  the  catalyst  ampoules  were 
broken  with  the  help  of  the  mallet  (shaking  of  the  test-tube). 


*The  formulas  of  the  bromides  are  given  in  their  simplest  forms,  e.g.  AlBr3  instead  of  Al2Br3.  Melting  points  are  giv¬ 
en  in  parentheses  (mean  of  3-7  measurements)  and  were  determined  in  absence  of  atmospheric  moisture. 

**  We  designate  this  arbitrarily  as  DBr. 
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TABLE  1.  Experiments  with  Benzene 


Catalyst  GaBts 

140  10 

3(X)  4 

300  6 

640  6 


TABLE  2.  Experiment!  with  Benzene 


TABLE  3.  Experiment!  with  Benzene 


TABLE  4.  Experiments  with  Benzene 
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TABLE  5.  Experiments  with  Benzene 

C  .  10* 

T  day.s 

1  n 

h  .  to* 

Catalyst  SnBr4 

0.1 

7 

0.2 

4.4 

0.5 

7 

0.2 

4.2 

0.7 

25 

0.5 

4.3 

l.t 

2.5 

0.6 

4.7 

2.0 

7 

0.2 

4.4 

Without  catalyst 

7 

0.2 

4.0 

25 

0.(i 

4.6 

25 

O.li 

4.7 

TABLE  6.  Mean  Values  of  k  •  10*/C  •  10* 
in  Experiments  with  Benzene 


Catalyst 

k  .  lO'/C  •  10* 

AlBr., 

100000  • 

GaBr3 

nm)* 

FeBra 

2000* 

BBra 

12 

SbBrs 

2 

TiBr^ 

0.4 

TABLE  7.  Experiments  with  Nitro¬ 
benzene  (Catalyst  AlBr^) 


o 

C,  •  10* 

o 

6 

e 

1- 

n 

C' 

6 

§ 

•fit 

0.1 

2.S 

4!> 

0 

0.6 

3.3 

— 

40 

0 

— 

— 

1.0 

3.2 

— 

40 

0 

— 

— 

1.4 

2.1 

— 

474 

0 

— 

— 

2.0 

3.1 

— 

474 

0 

— 

— 

2.3 

1.H 

0.5 

105 

0.1 

0 

i« 

2.1 

1.1 

1.0 

105 

0.2 

10 

10 

23 

1.0 

1.3 

105 

0.2 

17 

13 

2.3 

0.0 

1.4 

330 

0.3 

0 

4 

2.4 

0.0 

1.5 

330 
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TABLE  8.  Experiments  with  Benzoic  Acid 
(Catalyst  AlBrs) 
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At  the  conclusion  of  an  experiment,  the  test  tube  containing  the  solution  was  immersed  in  a  Dewar  flask 
(liquid  air-cooled)  and  opened.  The  solvent  was  sucked  out  by  a  water  jet  pump.  Aqueous  alkali  (6  N)  was  then 
added,  and  the  supernatant  benzene  was  withdrawn  with  a  pipet  and  distilled  in  vacuo  over  sodium  powder.  Benzoic 
acid  was  isolated  by  addition  of  water  and  extraction  with  ether.  After  the  ether  had  been  driven  off,  the  acid  was 
sublimed  several  times  in  vacuo.  The  ethereal  solution  of  nitrobenzene  was  dried  over  CaClj.  After  the  ether  had 
been  removed,  the  nitrobenzene  was  distilled  several  times  in  vacuo.  The  constants  of  the  substances  were  found  to 
remain  unchanged  during  an  experiment. 

The  substances  were  burned,  and  the  deuterium  concentration  in  the  purified  water  of  combustion  was  deter¬ 
mined  by  the  drop  method  [15],  The  number  of  hydrogen  atoms  exchanging  with  deuterium  was  calculated  by  the 
method  of  [16].  The  rate  constant  of  the  exchange  reaction  was  calculated  by  means  of  a  first  order  equation. 

Experimental  results  for  hydrogen  exchange  are  set  forth  in  Tables  1-8  in  which  the  following  symbols  are 

used: 

C— catalyst  concentration  in  moles  per  mole  HBr;  C* -catalyst  concentration  in  excess  of  the  stoichiometric 
requirement  for  the  substrate;  Cj— concentration  of  aromatic  compound  in  moles  per  mole  HBr;  n— number  of  hydro¬ 
gen  atoms  in  molecules  of  substance  exchanging  with  deuterium;  k— rate  constant  of  deuteroexchange  of  the  mono- 
molecular  reaction  (sec'*);  k/C-rate  constant  referred  to  catalyst  concentration. 

In  the  different  experiments  the  weight  of  solvent  varied  between  12  and  24  g;  the  weight  of  the  benzene  sam¬ 
ple  was  between  0.5  and  0.8  g;  that  of  the  benzoic  acid  sample  was  between  0.2  and  0.6  g;  that  of  the  nitrobenzene 
sample  was  between  0.2  and  0.8  g.  Weights  of  catalyst  varied  between  0.0001  and  2  g,  depending  on  the  activity  of 


the  bromide.*  In  the  tables  in  order  to  save  space,  only  the  concentration  of  catalyst  in  solution  is  given.  The  con¬ 
centration  of  benzene,  benzoic  acid,  and  nitrobenzene  in  solution  varied  respectively  in  the  ranges  (2.4-4.4)  •  10"*, 
(0.6-2. 6)*  10“*,  and  (0.6-3. 3)*  10'*  moles/mole  HBr.  Experiments  at  -21*  are  marked  with  an  asterisk.  Experiments 
extending  over  more  than  72  hr  were  carried  out  at  room  temperature. 

The  solubility  of  InBtj  in  liquid  HBr  at  25’  is  less  than  0.3  g/lOO  g  HBr.  It  is  such  a  strong  catalyst,  however, 
that  even  this  concentration  is  accompanied  by  rapid  exchange  of  the  hydrogen  in  benzene.  SnBr4has  substantially 
no  catalytic  influence  on  the  isotopic  exchange  of  hydrogen  between  benzene  and  DBr.  This  was  demonstrated  in 
comj5arative  experiments  without  a  catalyst  and  with  addition  of  from  0.001  to  0.02  mole  of  SnBr^  per  mole  of  HBr, 
These  experiments  were  run  in  parallel  and  the  rate  constants  were  identical  within  the  limits  of  experimental  error: 

4.4  •  10'*  and  4.6  •  10'*  sec'*.** 

Table  6  shows  mean  values  of  relative  rate  constants  of  exchange  of  hydrogen  in  benzene  in  presence  of  dif¬ 
ferent  catalysts  (k  •  10®/c  •  10*).  The  scale  of  catalytic  activity  of  bromides  obtained  on  this  basis  is  very  wide:  The 
relative  rate  constants  at  the  two  extremes  differ  by  more  than  five  orders  of  magnitude.  This  is  consistent  with  the 
strongly  differentiating  properties  of  liquid  HBr,  which  is  characterized  by  a  low  dielectric  constant  (DC  =  4  at  25*)  [19]. 

DISCUSSION  OF  RESULTS 

Formation  of  ternary  complexes  of  the  type  of  ArH-DBr-MBrj^  is  possible  when  bromides  dissolve  in  liquid  DBr 
in  presence  of  aromatic  hydrocarbons  (ArH).  In  these  complexes  the  D-Br  bond  is  polarized  due  both  to  the  coordln- 
ative  unsaturation  of  the  central  atom  of  the  bromide  and  to  the  proton  and  deuteron  affinity  (P)  of  the  hydrocarbon 
molecule.  With  a  sufficiently  high  energy  of  the  coordinative  bond  between  metal  and  bromine  ion,  especially  when 
P  increases,  polarization  of  the  bond  may  be  effected  by  ionization:  A  deuteron  may  add  on  to  the  aromatic  hydro¬ 
carbon  molecule  to  form  a  carbonium  ion  (ArHD"*^),  while  the  addition  of  a  bromine  ion  to  the  bromide  leads  to  a 
complex  anion  (MBr'j^^  j).  Subsequent  detachment  of  a  proton  from  the  carbonium  ion  leads  to  rapid  hydrogen  ex¬ 
change  [20-23]. 

Ternary  complexes  of  aluminum  bromide  and  gallium  bromide  are  strongly  (X)lar  [24].  Judging  by  measurements 
by  P.  P,  Alikhanov  in  our  laboratory,  the  addition  of  AlBr3  to  a  solution  of  an  aromatic  hydrocarbon  in  liquid  HBr 
considerably  increases  the  specific  electrical  conductivity  of  the  solution.  In  the  case  of  mesltylene,  for  example.  It 
increases  by  four  orders  of  magnitude  to  10'^  ohm'*  cm'*.  In  the  absence  of  a  hydrocarbon  a  0.1  molar  solution  of 
AlBts  in  liquid  HBr  is  a  very  poor  conductor  of  electricity  (x  =  2  •  10"*  ohm"*  cm'*).  The  exceptionally  rapid  exchange 
of  hydrogen  in  presence  of  AlBr3  and  GaBr3  is  determined  by  the  high  degree  of  polarization  of  the  D-Br  bond.  An  ap¬ 
proximately  ionic  mechanism  of  exchange  is  then  involved. 

Decreasing  electrophilic  character  of  the  halide  is  accompanied  by  a  fall  in  concentration  and  polarity  of  the 
molecular  compound  [25].  The  number  of  ions  and  ionic  associates  in  solution  steadily  decreases,  and  un- ionized 
complexes  predominantly  participate  in  the  reaction  [22].  The  exchange  reaction  proceeds  mainly  by  an  associative, 
molecular  mechanism. 

Change  of  mechanism  of  a  given  heterolytic  reaction  from  ionic  to  associative  and  the  overlapping  of  these 
two  mechanisms  in  dependence  on  the  activity  of  the  catalyst  are  reflected  in  a  subsequent  change  in  the  rate  constant 
of  the  reaction  by  more  than  five  orders  of  magnitude.  This  provides  further  support  for  the  view  that  intermediate 
mechanisms  are  possible  in  addition  to  the  S-1  and  S-2  mechanisms  of  hydrogen  exchange  [23,26].  Similar  views 
are  now  becoming  more  and  more  popular  [27-29]  in  connection  with  chemical  reactions  of  electrophilic  replace¬ 
ment  of  hydrogen  in  aromatic  compounds  (e.g.  alkylation)  as  well  as  of  nucleophilic  substitution  [30,  31]. 

The  catalytic  activity  of  a  halide  depends  on  the  magnitude  of  the  bonding  energy  between  the  central  halide 
atom  and  the  halide  ion  [32].  We  do  not  possess  corresponding  data  for  the  compounds  considered  in  the  present  paper. 
An  indication  of  the  relative  strength  of  donor— acceptor  interaction  between  halide  and  electron  donor  is  given,  how¬ 
ever,  by  the  following  bond  energies  (given  in  kcal/mole)  resulting  from  reaction  between  benzaldehyde  and  chlo¬ 
ride  in  the  gas  phase  (calculated  on  the  basis  of  some  simplifying  assumptions  [33]). 

A]C]3  (39)  >  FCCI3  (27)  >  TiCl,  (17)  >  81104(^0  >  SbCl3 (4). 

*The  experimental  accuracy  is  reduced  at  the  lowest  catalyst  concentrations. 

**  We  may  mention  that  SnCl4  catalyzes  the  exchange  of  tritium  between  TCI  and  toluene,  and  the  rate  of  exchange 
is  proportional  to  the  SnCl4  concentration  [17].  This  difference  in  our  experiments  may  be  due  to  toluene  possessing 
a  very  much  higher  reactivity  than  benzene  [18]. 
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This  sequence  of  chlorides  resembles  that  established  in  the  present  work  for  the  bromide  series  (an  exception 
is  the  position  of  the  antimony  compound). 

The  theory  of  participation  of  ternary  complexes  in  the  exchange  reaction  is  also  made  plausible  by  the  fact 
that  the  reaction  practically  docs  not  take  place  if  one  of  the  components  of  the  complex  is  omitted.  This  point  is 
illustrated  by  isotopic  hydrogen  exchange  experiments  involving  nitrobenzene  and  benzoic  acid  (Tables  3  and  4). 
Menshutkin  (34)  liad  established  the  formation  of  a  molecular  compound  of  nitrobenzene  with  AlBr3  by  physicochem¬ 
ical  analysis  (34).  Other  methods  confirmed  his  observation  (for  literature  see  [35]).  Other  halides  form  similar  com¬ 
pounds  with  nitrobenzene  [36).  Nitro  compounds  are  very  weak  bases  in  which  a  proton  is  attached  to  the  nitro  group. 
According  to  Hammett  [37]  the  dissociation  constantof  nitrobenzene  in  water  is  of  the  order  of  10"^ -10"*®.  In  solu¬ 
tion  In  anhydrous  sulfuric  acid,  on  the  other  hand,  nitrobenzene  is  41®/p  ionized  [38],  When  nitrobenzene  and  alumi¬ 
num  bromide  are  jointly  dissolved  in  liquid  hydrogen  bromide,  there  is  a  possibility  of  formation  of  a  compound  of 
the  type  of  C6H5N02*HBr-AlBr3,which  differs  from  the  above  type  of  ternary  complex  by  having  a  proton  attached  to 
the  nitro  group  and  not  to  the  aromatic  ring. 

We  see  from  Table  3  that  not  only  does  hydrogen  exchange  not  take  place  in  nitrobenzene  when  the 
quantity  of  AlBr3  is  nearly  in  stoichiometric  ratio  to  the  nitrobenzene  in  solution,  but  the  rate  of  exchange  is  very 
small  when  AlBr3  is  in  excess.  This  is  probably  due  not  only  to  the  passivating  influence  of  the  nitro  group  on  deutero- 
exchange  in  the  rin^  hut  also  to  the  presence  of  a  positive  charge  on  the  substance  [21b,  23].  The  structure  of  the  posi¬ 
tively  charged  ion  might  be  represented  as  follows  [38]: 
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Acidic  exchange  of  hydrogen  in  aromatic  compounds  is  subject  to  the  laws  of  electrophilic  substitution  [20,23]. 

It  is  well  known  that  formation  of  molecular  compounds  between  nitrobenzene  and  AlBr3  (and  other  acidic  halides) 
markedly  lowers  the  rate  of  electrophilic  substitution  of  hydrogen,  for  example  in  bromination  [39],  Nitrobenzene 
also  inhibits  the  isotopic  exchange  of  radiobromine  between  AlBr3  and  CjHsBr  [35,  40]. 

Benzoic  acid,  like  nitrobenzene,  is  capable  of  manifesting  the  properties  of  a  weak  base  [37,  41].  If  the  quantity 
of  AlBr3  exceeds  the  stoichiometric  requirement  for  benzoic  acid,  then  the  hydrogen  in  the  aromatic  ring  of  the  latter 
exchanges  with  DBr  to  an  extent  approximately  proportional  to  the  AlBr3  concentration.  The  rate  constant  k/C*  is  two 
orders  of  magnitude  larger  than  in  hydrogen  exchange  in  nitrobenzene,  and  four  orders  smaller  than  in  exehange 
experiments  with  benzene.  lixchange  inhibition  may  here  be  explained  in  terms  of  the  same  causes  that  were  men¬ 
tioned  in  the  discussion  of  results  with  nitrobenzene. 

What  has  been  said  above  is  also  consistent  with  the  nearly  complete  absence  of  exchange  of  hydrogen  in  nitro¬ 
benzene  and  in  the  ring  of  benzoic  acid  with  liquid  deuterium  fluoride  [42].  Solutions  of  both  substances  in  this  sol¬ 
vent  are  known  to  be  good  conductors  of  an  electric  current  due  to  formation  of  organic  cations  [43].  Isotopic  ex¬ 
change  of  hydrogen  between  nitrobenzene  and  sulfuric  acid  is  also  greatly  retarded  [44]. 

It  is  interesting  to  compare  the  sequence  of  catalytic  activity  of  bromides  in  deuteroexchange  with  liquid  DBr 
with  the  literature  data  for  the  relative  strength  of  bromides  and  chlorides  of  the  same  elements  as  generalized  acids 
(acidlike  substances  [45]).  In  this  connection  we  must  bear  in  mind  the  specificity  of  reactions  between  generalized 
acids  and  bases  emphasized  by  Lewis  [46], which  usually  makes  it  difficult  to  arrange  the  generalized  acids  in  a  uni¬ 
tary  series  in  order  of  their  strengths. 

It  must  also  be  taken  into  consideration  that  the  data  presented  below  are  not  strictly  comparable  because  some 
authors  evaluate  the  relative  activity  of  catalysts  from  the  yield  of  reaction  product  while  others  measure  the  reac¬ 
tion  rate.  Different  kinetic  orders  are  sometimes  observed  in  presence  of  different  catalysts,  and  there  are  also  ap¬ 
preciable  individual  differences  in  the  relative  strength  of  bromides  and  chlorides  in  a  given  reaction. 

I.  Friedel  —  Crafts  reactions  [47] 

AlCl3>  FcCl3>  SnCl4>  TiC^ 

II.  Bromination  of  toluene  [48] 

AlBr3>  FeBr3>  SnBr4 

in.  Alkylation  of  aromatic  hydrocarbons  [49] 

AlBr3>  GaBr3 
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IV.  Frledel  —  Crafts  acylation  of  toluene  [50-52] 

AlCl3>  FeCl8>  TICl4>  SnCl4 

AlBrj  (83)>  FeBr,  (63)>  SbBrs  (29)>  TlBr4  (18)>  SnBr4  (0.9) 

The  values  in  parentheses  are  yields  of  p-methylacetophenone 

V.  Isomerization  of  methylcyclopentane,  alkylation  of  benzene,  polymerization  of  styrene  [53] 

AlBrs>  GaBr,,  GaCl8>  FeCl|>  BClj,  SnC^,  SbCl, 

VI.  Friedel  —  Crafts  benzoylation  of  aromatic  compounds  [54] 

Relative  rate  constants  for  =1  in  parentheses. 

Feds  (570)>  Gael,  (500)>  AlCls*(l)>  SnC^  (0.003)>  BCl,  (0.0007). 

VII.  Disproportionation  of  ethylmethylsilane  [55] 

A1C1s>  GaBr3>  BCl8>  GaCls,  SnCl4,  SbCls 

VIII.  Polymerization  of  isobutylene  [56] 

AlBr3>  TiBr4>  BBr, 

TiCl4>  BCl8>  SnCl4 

IX.  Decomposition  of  benzazide  [57] 

GaCls>  AlCls>  FeCl8>  TiCl4>  SnCl4>  SbCls 

X.  Conversion  of  camphene  hydrochloride  into  isobornyl  chloride  [58] 

SnCl4>  FeCl3>  SbCl3 

XI.  Depolymerization  of  paraldehyde  [59] 

BCl3>  SnCl4>  FeCl3>  AlCl3>  TiCl4 

XII.  Deuteroexchange  during  heterolysis  of  an  alkyl  halide  [60] 

FeCl3>  SnCl4 

Xni.  Reactions  with  indicators  [61] 

AICI3,  FeClg  >  SnCl4,  SbCl3 

XIV.  Potentiometric  titration  of  nitrogen  bases  in  selenium  oxychloride  [62] 

FeCl3>  SnCl4 

XV.  Ionization  of  triarylmethyl  chloride  [63] 

FeCl3>  SnCl4>  SbCl3 

XVI.  Shift  of  the  notfully  symmetrical  pyridine  vibration  at  988  cm"*  during  formation  of  molecular  compound 
with  a  chloride  [64] 

AICI3  (32)  >  SnCl4  (27)  >  TiCl4  (25)  >  SbCls  (22) 

Magnitude  of  shift  (cm"*)  in  parentheses. 

Electrophilic  substitution  of  hydrogen  in  aromatic  compounds  is  the  reaction  most  nearly  related  in  mechanism 
to  the  aeidic  deuteroexchange  reaction  discussed  in  this  paper  [20-23].  This  is  illustrated  by  the  broad  similarity  be¬ 
tween  the  sequence  of  activities  of  halides  reported  in  the  literature  for  bromination,  alkylation,  and  acylation  of 
aromatic  compounds.  The  strongest  catalysts  are  the  halides  of  aluminum  and  gallium,  and  these  are  followed  by 
iron  halides;  less  active  are  the  halides  of  boron,  titanium,  trivalent  antimony,  and  tin.  An  anomaly  was  observed  for 
the  Friedel— Crafts  benzoylation  of  aromatic  compound  [54].  This  was  evidently  due  to  the  use  as  solvent  of  benzoyl 
chloride  which  forms  molecular  compounds  with  the  most  active  chlorides.  The  stability  of  these  molecular  compounds 
increases  with  increasing  strength  of  the  chloride  as  a  generalized  aeid. 

SUMMA  RY 

1.  The  following  sequence  of  catalytic  activity  of  bromides  was  established  by  the  method  of  deuteroexchange 
between  liquid  deuterium  bromide  and  benzene: 

AlBr3(5-10®)  >  GaBr3(10**)>  FeBr3(10'*)»  BBr3(3-10*)>  SbBrs(6)>  TiBr4(l)  »  SnBr^. 

(Numbers  in  parentheses  indicate  approximately  how  much  more  quickly  deuteroexchange  proceeds  with  participa¬ 
tion  of  the  given  bromide  than  with  a  solution  of  TiBr4  of  the  same  concentration.)  SnBr4doesnot  appreciably  accele¬ 
rate  the  reaction.  InBrs  is  one  of  the  strongest  catalysts.  Data  obtained  for  the  relative  electrophilic  characteristics 
of  bromides  are  compared  with  literature  data  for  their  relative  strength  as  generalized  acids. 

2.  Catalysis  of  hydrogen  exchange  in  aromatic  compounds  by  acidlike  bromides  dissolved  in  liquid  DBr  is  at¬ 
tributed  to  formation  of  complexes  between  aromatic  compound,  deuterium  bromide,  and  bromide.  It  is  assumed 
that  the  coordinative  unsaturation  of  the  bromide  and  the  deuteron  affinity  of  the  hydrocarbon  lead  to  polarization 
or  rupture  of  the  D-Br  bond  which  favors  entry  of  deuterium  into  the  aromatic  ring. 
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Formation  of  a  compound  between  the  functional  group  of  an  aromatic  compound  (CgHsNOj,  QHjCOOH)  and 
a  bromide  suppresses  the  catalytic  activity  of  the  latter  and  inhibits  hydrogen  exchange  in  the  aromatic  ring. 

3.  The  results  are  consistent  with  the  theory  that,  depending  on  the  experimental  conditions,  a  hydrogen  ex.- 
change  reaction  may  proceed  by  an  associative  or  an  ionic  mechanism,  and  that  the  two  mechanisms  may  overlap. 
Existence  of  intermediate  forms  is  also  considered  possible. 
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The  oxidation- reduction  reaction  between  some  sugars  and  potassium  chromate  in  presence  of  sodium  or  potas¬ 
sium  carbonate  is  accompanied  by  formation  of  a  green  compound  of  trivalent  chromium  [1].  This  enabled  the  develop¬ 
ment  of  a  micro  method  for  determination  of  the  sugar  [2-5].  By  means  of  this  reaction  we  were  able  to  detect  dif¬ 
ferences  in  the  reducing  powers  of  some  sugars  [1]. 

In  a  closer  study  of  the  reducing  properties  of  monosaccharides  toward  potassium  chromate,  and  in  connection 
with  the  development  of  micro  methods  for  quantitative  determination  of  sugars,  we  have  been  able  to  establish  a 
relation  between  the  reducing  power  of  monosaccharides  and  their  structure. 

Earlier  workers  also  noted  a  relation  between  the  oxidative  susceptibility  of  monosaccharides  and  their  structure. 
Sugars  substituted  in  the  2  position  are  weaker  reducing  agents  than  sugars  with  a  free  OH  group  in  the  2  position  [6]. 

On  the  basis  of  the  work  of  a  number  of  authors.  Green  [7]  concluded  that  the  influence  on  the  oxidation  .of  hexoses 
exerted  by  the  cis  position  of  the  hydroxyl  at  the  second  carbon  atom  is  greater  than  that  of  the  hydroxyl  at  the  first 
carbon  atom. 

In  the  present  paper  we  submit  results  concerning  the  reducing  power  of  some  pentoses  and  hexoses  in  depen¬ 
dence  on  their  structure. 


EXPERIMENTAL 

The  reaction  between  oxidizing  solution  and  sugar  solution  was  carried  out  under  the  following  conditions:  Into 
a  100-ml  conical  flask  were  put  20  ml  of  0.05  N  KjCr^Oy,  5  ml  of  2  N  Na^COs,  and  10  ml  of  0.05  M  sugar  solution. 

The  reaction  mixture  was  well  stirred.  The  flask  was  closed  with  a  stopper  through  which  was  inserted  a  40-cm  glass 
tube  serving  as  an  air  condenser.  The  flask  was  then  at  once  placed  in  a  water  bath  with  a  temperature  of  80±  1“.  The 
thermometer  was  secured  to  the  flask  in  such  a  way  that  the  mercury  bulb  was  at  the  base  of  the  flask.  The  tempera¬ 
tures  of  the  flask  contents  and  the  bath  water  were  equalized  by  continuous  shaking  of  the  flask  contents  and  by  stir- 
rlngofthe  water  in  the  bath  with  the  flask  in  which  the  thermometer  had  been  inserted. 

The  reducing  power  of  the  sugars  was  determined  with  heating  of  the  oxidizing  solution  and  the  sugar  for  5,  10, 
20,  30, and  40  min.  At  the  end  of  a  heating  period  the  flask  was  removed  from  the  water  bath  and  quickly  cooled 
with  running  tapwater  to  room  temperature.  The  condenser  was  then  removed  and  15  ml  of  2  N  H2SO4  was  added  to 
the  reaction  mixture,  followed  by  about  0.5  g  of  KI.  The  flask  was  closed  by  a  watch  glass  and  allowed  to  stand  in 
the  dark  for  5  min.  The  precipitated  iodine  was  titrated  with  0.5  N  NajSjOs  in  presence  of  starch. 

At  the  start  of  the  investigation  a  blank  determination  was  carried  out  with  solutions  of  KjCtjOy  and  NajCOs 
under  the  experimental  conditions  with  subsequent  reduction  of  Cr^  by  potassium  iodide  in  presence  of  H2SO4. 

We  also  ran  experiments  for  determination  of  the  reduction  by  a  sugar  of  Cr*^  in  presence  of  HJSO4  in  the  course 
of  5  min  (i.e.  for  the  period  of  reduction  of  excess  of  Cr®^  which  had  not  reacted  with  the  sugar  during  reaction  of  the 
sugar  with  chromate  in  presence  of  NajC03).  Results  of  titration  of  the  precipitated  iodine  with  sodium  thiosulfate 
indicated  that  the  original  quantity  of  Cr®+  was  unchanged.  The  data  below  for  reduction  of  consequently  relate 
only  to  reaction  of  sugar  with  chromate  in  presence  of  Na2C03. 
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DISCUSSION  OF  RESULTS 


Results  obtained  for  the  reducing  power  of  D-glucose,  D-galactose,  D-tnannose,  D-xylose,  L-arablnose,  D- 
ftuctose,  and  D-sorbose  are  plotted  in  Figs.  1.2.  and  3.  The  reducing  power  of  the  sugars  is  expressed  as  the  quantity 
of  Cr*^  (in  mg)  reduced  by  10  ml  of  0.05  M  solution  of  the  sugar  under  the  conditions  described  above. 

The  data  obtained  show  that  D-mannose  has  less  reducing  power  than  the  other  sugars  investigated;  D-sorbose, 
D-fructose,  and  D-xylose  have  the  greatest. 


Time  (min) 

Fig.  1.  Reducing  pwwer  of 
D-glucose  (1),  D-galactose 
(2)  and  D-mannose  (3). 
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Fig.  2.  Reducing  power  of 
D-xylose  (1)  and  L-arabi- 
nose  (2). 
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Fig,  3.  Reducing  power  of  D- 
sorbose  (1)  and  D-fructose  (2). 


Time  (min) 

Fig.  4.  Reducing  power  of 
D-xylose  (1)  and  D-glucose(2). 


Oxidation  of  the  sugar  by  potassium  chromate  takes  place  in  an  alkaline  med¬ 
ium.  The  content  of  oxo  form  in  the  solution,  which  has  a  higher  chemical  activity 
[8],  therefore  increases  considerably.  This  is  a  reason  for  regarding  the  monosacchar¬ 
ides  as  being  in  the  acyclic  form  when  evaluating  the  results  obtained. 

According  to  Fig.  1  the  reducing  activity  decreases  in  the  sequence:  D-glucose, 
D-galactose.  D-mannose.  On  comparing  the  reducing  power  of  the  sugars  in  relation 
to  their  structure,  we  were  struck  by  the  fact  that  the  number  of  hydrogen  atoms 
directly  linked  to  carbon  on  the  right-hand  side  of  the  molecule  and  the  distance  of 
these  hydrogens  from  the  aldehyde  group  are  correlated  with  the  reducing  power  of 
the  sugar.  D-Glucose  has  only  one  hydrogen  at  C3.  On  the  right-hand  side  of  D-galac¬ 
tose  is  a  hydrogen  at  C4  in  addition  to  one  at  C3.  The  reducing  power  of  D -galactose 
is  lower  than  that  of  D-glucose.  D-Mannose  is  a  weaker  reducing  agent  than  D-galac¬ 
tose  although  they  have  the  same  number  of  hydrogens  in  the  right-hand  carbons.  This 
is  because  of  the  position  of  these  hydrogens:  On  the  right  of  D-mannose  are  hydro¬ 
gens  at  C3  and  Cj*,  in  D-galactose  the  hydrogens  are  at  C3  and  C4.  D-Galactose  and 
D-mannose  thus  each  have  one  hydrogen  at  C3  on  the  right  but  the  second  hydrogen 
atoms  are  in  different  positions.  The  distance  between  the  second  right-hand  hydro¬ 
gen  and  the  carbonyl  group  is  smaller  in  D-mannose  than  in  D-galactose,  and  this 
results  in  D-mannose  being  a  weaker  reducing  agent. 


We  determined  the  reducing  powers  of  two  pentoses  (D-xylose  and  L-arabinose)  with  the  aim  of  checking  our 
conclusion  about  the  relation  between  reducing  power  of  sugars  and  the  number  of  hydrogens  on  the  right-hand  car¬ 
bons  and  the  distance  of  these  hydrogens  from  the  carbonyl  group.  On  the  right-hand  side  of  the  D-xylose  molecule 
is  one  hydrogen  at  C3,  while  on  the  right-hand  side  of  L-arabinose  are  two  hydrogens  at  C3  and  C4.  We  therefore  pre 
dieted  that  D-xylose  must  have  a  stronger  reducing  action  than  L-arabinose,  and  this  was  confirmed  by  experiment 
(see  the  curves  of  Fig.  2). 


The  relation  between  the  reducing  power  of  a  sugar  and  its  structure  was  also  checked  with  the  ketoses  D -fruc¬ 
tose  and  D-sorbose.  D-Fructose  contains  a  hydrogen  on  the  right  at  C3  and  D-sorbose  a  hydrogen  on  the  right  at  C4. 
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The  hydrogen  of  D- fructose  is  nearer  to  the  ketonic  group  than  the  hydrogen  of  D -sorbose.  On  the  basis  of  the  above 
rule  we  should  expect  D-sorbose  to  be  a  stronger  reducing  agent  than  D-fructose.  This  is  confirmed  by  the  curves  of 
Fig.  3. 

Our  data  indicate  that  the  hydrogens  of  monosaccharides  linked  directly  to  carbon  evidently  influence  the  reduc¬ 
ing  activity  of  the  sugar.  The  chemical  bond  between  a  carbon  atom  and  a  hydrogen  atom  in  the  carbon  chain  of  a 
monosaccharide  molecule  is  created  by  an  electron  pair  displaced  toward  the  carbon.  This  causes  the  hydrogen  linked 
to  the  carbon  to  exert  an  Influence  on  the  oxidation  of  the  aldehydlc  or  ketonic  group  of  the  monosaccharide  by  inhibi¬ 
ting  the  process  of  its  oxidation  by  an  oxidl&lng  solution.  Without  going  more  deeply  into  the  cause  of  this  dependence 
we  wish  to  note  In  this  connection  that  the  hydrogens  linked  directly  to  carbon  in  a  monosaccharide  are  not  nonparti¬ 
cipants  in  the  process  of  oxidation  of  the  sugar,  and  the  existence  of  this  relation  between  reducing  power  of  a  mono¬ 
saccharide  and  the  location  of  tlie  hydrogen  atoms  may  be  utilized  for  prediction  of  the  relative  reducing  power  of 
monosaccharides. 

Comparison  of  the  reducing  powers  of  D-glucose  and  D-xylose  (Fig.  4)  and 
those  of  D-galactose  and  L-arabinose  (Fig.  5)  shows  tiiat  pentoses  are  better  reducing 
agents  than  the  corresponding  hexoses  when  the  arrangement  of  the  hydrogen  atoms 
at  the  carbons  is  the  same:  D-xylose  reduces  more  strongly  than  D-glucose,  and  L- 
^  arabinosc  more  strongly  than  D-galactose.  Consequently,  shortening  of  the  carbon 

/  chain  of  sugar  molecules  of  identical  stmetures  leads  to  Increasing  reducing  power. 


0  10  20  30  W 

Time  (min) 

Fig.  5.  Reducing  power  of 
L-arabinose  (1)  and  D-galac¬ 
tose  (2). 


SUMMA  RY 

1.  Interaction  of  some  pentoses  and  hexoses  with  potassium  chromate  in  pres¬ 
ence  of  sodium  carbonate  revealed  a  relation  between  one  of  the  more  Important 
analytical  properties  of  sugars~their  reducing  jx)wer-and  their  structure. 

2.  The  reducing  power  of  monosaccharides  depends  on  the  position  of  the  hydro¬ 
gen  atoms  on  the  right-hand  side  of  the  molecule.  The  reducing  power  of  monosaccha¬ 
rides  increases  with  increasing  distance  of  these  hydrogen  atoms  from  the  aldehyde 

or  ketone  group,  with  decrease  in  their  number,  and  with  decreasing  length  of  the 
carbon  chain. 

3.  By  taking  into  account  the  position  of  the  hydrogen  atoms  in  a  monosaccha¬ 
ride  molecule  directly  linked  to  carbon,  one  can  predict  the  relative  reducing  power 
of  a  sugar. 
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We  earlier  reported  on  the  nucleophilic  replacement  of  the  halogen  in  5-halo-2-8ubstituted  furans(I)byiodine 
[1-5],  the  nitro  group  [1,3,6],  the  methoxy  group  [7],  and  the  thiocyano  group  [8-10]. 


MeY 


tX  =  Br.  I;  Y=I.NO,.  (  HjO.  SCN] 


(I) 


In  the  course  of  further  study  of  replacement  of  the  halogen  in  5-halofurans  (type  I)  we  investigated  the  possi¬ 
bility  of  replacement  of  the  halogen  in  5-halo-2-nitrofurans  (II)  by  iodine  and  nitro  and  thiocyano  groups. 


(ID  (HI) 


The  nitro  group  is  a  strong  acceptor;  by  creating  6+  at  the  carbon  atom  in  the  5  position  in  2-nltrofuran  (III) 
it  facilitates  nucleophilic  attack,  for  example  by  the  OH"  ion  [11];  nitrofuran  breaks  down  under  the  action  of  aque¬ 
ous  alkali.  On  the  odrer  hand  the  bromine  atom  in  the  5  position  of  the  furan  ring  causes  the  electron  density  to  be 
slightly  redistributed;  it  acts  as  an  acceptor  and  facilitates  6-^  Induction  on  the  carbon  atom  to  which  it  is  linked. 
Consequently  an  attack  by  a  nucleophilic  reagent  on  the  5  position  in  5 -bromo- 2 -nitrofuran  (II)  ought  to  be  realized 
with  great  facility.  We  confirmed  this  experimentally. 

Halogen  exchange  (X  =  Br,  I)  in  5-halo- 2 -nitrofurans  goes  very  easily  when  a  mixture  of  halonitrofuran  and 
alkali  thiocyanate  is  boiled  in  acetone  solution  without  a  catalyst.  Due  to  the  good  solubility  of  NaSCN  in  acetone 
and  the  insolubility  of  the  precipitated  NaBr,  the  kinetics  of  the  reaction  could  be  studied  directly.  We  plotted  the 
curve  of  separation  of  NaBr.  The  reaction  is  mainly  completed  in  {  hour.  The  reaction  gave  not  5-thlocyano-2-nitro- 
furan  (IV)  but  5,5* -dinItrodifuryl-2, 2’ -sulfide*  (V)  (yield  90^). 

We  suggest  that  the  first  step  in  the  reaction  is  nucleophilic  replacement  of  bromine  by  the  thiocyano  group.  Due 
to  the  electron-accepting  Influence  of  the  NOj  group,  the  Intermediate  thiocyano  derivative  is  unstable  and  breaks 
down  with  formation  of  radicals  (A)  and  CN*. 

n43^s  -^o^N  JTjLs* 

0  "I  0 

(IV)  (A) 

Radical  (A)  reacts  with  the  molecule  of  5-bromo- 2- nitrofuran  (II),  displacing  the  Br*  radical  and  forming  sul¬ 
fide  (V): 


•  5,5* -Dlnitrodifuryl-2, 2* -sulfide  was  obtained  earlier  in  71%  yield  by  thq  action  of  thiourea  on  5-bromo-2-nltrofuran 

[12]. 
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The  Br*  and  CN*  radicals  can  give  BrCN  and  later  polythiocyanogen. 


BrCN+  2NaSCN  -►  NaBr+  NaCN+  (SCN)|  -♦  polythiocyanogen 

We  Isolated  polythiocyanogen;  the  cyanogen  ion  was  detected  by  passing  COj  through  the  reac'  Ion  mixture 
(diluted  with  water)  and  absorbing  the  liberated  gases  in  alkali.  Sodium  bromide  was  separated  nearl/  quantitatively 
from  the  reaction  mixture;  In  the  early  course  of  the  reaction  the  NaBr  was  white  but  toward  the  end  of  the  reaction 
It  was  contaminated  by  yellow  polythiocyanogen.  Hardly  any  polythiocyanogen  (but  only  white  Nal)  came  down  when 
a  similar  experiment  was  run  with  5-iodo-2-nItrofuran.  This  is  evidently  due  to  the  compound  ICN  being  Inferior  to 
BrCN  as  an  oxidant. 


5,5' -Dinitrodifuryl-2, 2* -sulfide  has  a  very  high  physiological 
activity;  it  inhibits  the  growth  of  staphylococci,  and  its  synthesis 
by  the  new  route  may  be  of  practical  Interest. 

With  the  objective  of  comparing  the  mobility  of  the  halogen 
In  various  2-substituted  5-halofurans,  we  investigated  the  replace¬ 
ment  of  bromine  by  the  thiocyano  group  under  identical  conditions 
for  compounds  of  type  (I)  where  A  =  NO2,  CH==CHN02,  CHO  (X  = 

Br  or  I).  The  reaction  was  performed  in  acetone  or  glacial  acetic 
acid  solution  by  boiling  with  metal  thiocyanates  [KSCN,  NaSCN, 
Co(SCN)2,  and  Cu(SCN)2]  (see  table). 

We  see  from  the  table  that  the  ability  of  the  halogen  in5-halo- 
2-substituted  furans  to  exchange  with  other  grou|>s  increases  with 
increasing  electronegativity  of  substituent  A.  This  is  also  confirmed 
by  experiments  on  nucleophilic  replacement  of  bromine  by  iodine 
under  the  action  of  alkali  metal  iodides  on  compounds  of  type  (I) 

In  glacial  acetic  acid  (see  table).  We  established  that  the  bromine  in  5-bromo-2-nltrofuran  exchanges  with  Iodine  on 
boiling  with  K1  In  glacial  acetic  acid  for  a  few  minutes.  The  yield  of  5-iodo-2-nltrofuran*  is  nearly  quantitative. 

The  halogen  (Br,  I)  in  5-halo-2-nltrofurans  is  very  easily  displaced  by  the  nitro  group  when  heated  with  cone.  HNO3 
to  give  2,5-dinltrofuran.  The  latter  was  previously  obtained  [15]  by  direct  nitration  of  furic  acid  followed  by  decar¬ 
boxylation  of  the  5-nitro-2-furancarboxyllc  acid,  as  well  as  by  decarboxylative  nitration  of  2,5-fur-''ndlcarboxyllc 
acid. 

All  of  the  transformations  of  5-halo-2-nltrofurans  can  be  summarized  in  the  following  scheme: 


Curves  of  precipitation  of  NaBr  in  the  reac¬ 
tion  of  5-bromo-2-nltrofuran  with  NaSCN 
In  acetone. 


•  5-Iodo-2-nitrofuran  was  earlier  [13]  prepared  by  the  action  of  a  solution  of  iodine  in  KI  on  the  5-mercutichloride 
derivative  of  2-nltrofuran.  It  was  also  prepared  in  low  yield  by  treatment  of  2,5-diiodofuran  with  HN03[14]. 
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We  previously  obtained  this  in  747o  yield  [9], 


EXPERIMENTAL 


5-Bromo-2-nltrofuran.  To  25  ml  of  acetic  anhydride  was  added  dropwlse  25  ml  of  cone.  HNO|(d  1.5)  with  strong 
cooling  (-10*)  and  mechanical  stirring.  A  solution  of  6  g  of  5-bromofurolc  acid  [16]  in  25  ml  of  acetic  anhydride 
(prepared  by  dissolution  in  small  portions  of  finely  pulverized  acid  in  hot  acetic  anhydride)  was  then  added  dropwlse 
at  ~10*  and  with  vigorous  stirring.  During  the  latter  operation  the  acid  must  not  crystallize  from  the  solution.  After 
the  whole  of  the  5-bromofuroic  acid  had  been  added  to  the  reaction  mixture  (2-3  hi),  the  mixture  was  stirred  for  an¬ 
other  hour,  and  then  addition  was  made  of  a  further  6  ml  of  cone.  HNO3  and  the  mixture  again  stirred  for  30  min, 
after  which  it  was  poured  onto  ice  and  extracted  five  times  with  ether.  The  ethereal  extract  was  distilled  with  steam. 
After  the  ether  had  distilled,  5-bTomonltrofuran  came  over  with  the  steam  and  crystallized  in  the  condenser;  m.p. 

48*  [15].  Yield  2.8  g  (4T7o).  5-Bromonltrofuran  has  a  strong  burning  action  on  the  skin  in  vanishingly  small  concentra¬ 
tions. 

5-Iodo-2-nitrofuran.  A  mixture  of  1.92  g  of  5-bromo-2-nltrofuran  (BNF),  1,82  g  of  KI,  and  30  ml  of  glacial 
acetic  acid  was  refluxed  for  20-25  min.  The  mass  was  then  poured  into  water  and  left  overnight  in  a  refrigerator. 
Lustrous  crystals  of  5-lodo-2-nltrofuran  came  down;  m.p.  76*  [13,14].  Yield  2  g  (85%).  A  further  0.3  g  (13%)  of  5- 
iodo-2-nitrofuran  could  be  separated  from  the  mother  liquor. 

2,5-Dinitrofuran.  A  mixture  of  1  g  of  5-iodo-2-nitrofuran  and  30  ml  of  cone.  HNOs  (d  1.34)  was  heated;  at  the 
boiling  point  iodine  vapor  started  to  come  off  violently.  The  mixture  was  boiled  until  the  iodine  vapor  had  been  re¬ 
moved  (2-3  mlnh  active  carbon  was  added  and  the  mixture  filtered  hot;  the  cooled  filtrate  deposited  lustrous  crystals 
of  2,5-diniirofuran  with  m.p.  100*  [11],  2,5-Dlnitrofuran  is  readily  soluble  in  water,  and  its  yield  can  be  increased  by 
several  extractions  of  the  mother  liquor  with  ether.  Lustrous,  white  crystals  with  m.p.  99-100*  (from  aqueous  methanol). 
Total  yield  0.5  g  (75.5%).  2,5-Dinitrofuran  is  similarly  formed  from  5-bromo-2-nitrofuran  in  83%  yield. 

5,5*‘-Dlnitrodlfuryl-2,2'-sulflde  (V).  A  mixture  of  1.92  g  of  BNF,  1.62  g  of  anhydrous  NaSCN,  and  30  ml  of 
anhydrous  acetone  was  boiled  on  a  water  bath  for  2  hr.  The  mixture  was  filtered,  and  the  filtrate  poured  into  water 
and  left  overnight.  Lustrous  coffee -colored  leaflets  came  down  on  standing.  The  precipitate  was  collected,  washed 
with  cold  water,  recrystallized  from  methanol  (+  carbon),  and  dried  in  a  desiccator  over  PJO5.  Nearly  white  crystals 
with  m.p.  98-09".  Yield  1.3  g  (00%). 

Found  %:  N  10.76.  10.86.  Cgii^OjNjS.  Calculated  %:  N  10.04. 

b)  A  mixture  of  1.92  g  of  BNF,  1.94  g  of  KSCN,  and  30  ml  of  glacial  acetic  acid  was  heated  for  an  hour  on  a 
boiling  water  bath.  The  precipitated  polythiocyanogen  was  suction  filtered,  and  the  filtrate  was  poured  into  water 
and  left  overnight.  Brown  crystals  came  down  and  were  recrystallized  from  methanol  (+  carbon)  to  give  1  g  (69.4%) 
of  yellowish  crystals  with  m.p.  97-98*.  A  mixture  with  5,5*-dlnltrodlfuryl-2,2’-sulfldemelted  at  97-98*. 

c)  A  mixture  of  2.39  g  of  5-lodo-2-nitrofuran,  1.62  g  of  NaSCN,  and  40  ml  of  acetone  was  heated  for  6  hr  on 
a  water  bath.  There  was  obtained  1.16  g  (80.3%)  of  (V)  with  m.p.  98-99*  (from  methanol).  A  mixture  with  5,5’-dl- 
nitrodlfuryl-2, 2’ -sulfide  melted  at  98*. 

The  same  result  was  obtained  on  reaction  of  5-iodo-2-nltrofuran  with  sodium  thiocyanate  in  nitromethane. 

SUMMA  RY 

1.  It  was  shown  that  the  halogen  in  5-halo-2-nitrofurans  easily  enters  into  exchange  reaction  with  MI,  MSCN, 
and  nitric  acid. 

2.  New  methods  are  proposed  for  synthesis  of  5,5’ -dinltrodifuryl-2, 2' -sulfide,  5-iodo-2-nitrofuran,  and  2,5-di- 
nitrofuran. 

3.  A  mechanism  is  advanced  for  the  formation  of  5,5*-dinitrodifuryl-2,2'-sulfide  from  5-halo-2-nltrofurans  and 
MSCN. 
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Reports  of  the  possibility  of  regenerative  exchange  in  a  carboxylic  acid  medium  have  been  published  [1,2]. 

ncoo-  4-  H'COOil  — >  RCOOII  -f  R'COO-  (1) 

Experimental  proof  of  this,  however,  is  lacking.  On  breakdown  of  acetyl  peroxide  in  labeled  acetic  acid 
c'^lsCOOH  it  was  shown  that  such  an  exchange  is  very  insignificant  if  it  takes  place  at  all  (approximately  Ylo)  [3]. 

It  may  be  explained  in  terms  of  the  exothermic  decomposition  of  RCOO'  radicals  into  R  and  COj  [4].  Thermal  effects 
of  17,  14,  and  13  kcal  were  found  respectively  for  R=CHs,  C2H5,  and  C3H7.  Consequently  the  decarboxylation  of  the 
CU3COO'  radical  proceeds  nearly  simultaneously  with  dissociation  of  the oxygen~oxygen bond  of  the  peroxide.  On 
the  other  hand  the  breakdown  of  the  benzoyloxy  radical  is  a  thermally  neutral  process.  Hence  CgHsCOO’  can  have  a 
longer  life  and  there  is  a  greater  probability  of  its  exchange  with  solvents.  This  has  been  experimentally  confirmed 
[5].  Thus  the  decomposition  of  benzoyl  peroxide  in  acetic  and  propionic  acids  led  to  formation  of  methane  or  ethane 
among  the  reaction  products.  Methane  or  Ruoroform  were  not  found  in  similar  reactions  of  propionyl  peroxide  in  ace¬ 
tic  or  trifluoroacetic  acids.  The  autliors  [5]  conclude  that  the  ethyl  radicals  formed  on  decarboxylation  of  the  unstable 
C2H5COO* radical  are  incapable  of  abstracting  the  carboxylic  hydrogen  of  the  acid.  In  the  case  of  benzoyl  peroxide 
3-7^0  of  the  peroxide  radicals  attack  the  RCOO— H  bond  of  the  acid.  However  it  has  not  been  established  which  of 
the  two  possible  radicals- QH5COO'  or  CgHs’ -abstracts  the  hydrogen.  The  authors  think  that  formation  of  a  hydrogen 
bond  between  the  stable  C5H5COO'  radical  and  the  carboxyl  of  the  solvent  is  more  probable. 

We  were  interested  in  making  yet  another  attempt  to  establish  the  "estafette"  transfer  of  acyloxy  radicals  (1) 
in  a  carboxylic  acid  medium.  We  made  use  of  the  reaction  of  more  stable  (compared  to  the  acetyloxy  radical)  benzoy¬ 
loxy  and  m-nitrobenzoyloxy  radicals  in  a  medium  of  acetic  and  benzoic  acids  labeled  in  the  carboxyl  with  Se¬ 
paration  of  labeled  could  be  considered  evidence  of  the  occurrence  of  such  an  exchange  if  the  original  acids 
and  the  products  formed  do  not  split  off  COj  during  the  reaction.  Spontaneous  decarboxylation  of  acetic  and  benzoic 
acids  at  100*  is  excluded.  In  regard  to  the  reaction  (>roducts,  the  literature  contains  a  great  deal  of  data  on  the  decom¬ 
position  of  acyl  peroxides  in  acids  and  their  derivatives. 

Decomposition  of  benzoyl  peroxide  in  acetic  acid  gives  COj.  benzene,  diphenyl,  and  benzoic,  p-phenylbenzolc, 
homophthalic,  and  homoterephthallc  acids  [6].  Decomposition  of  acetylbenzoyl  peroxide  in  acetic  acid  gives  COj, 
methane,  benzene,  methyl  benzoate,  diphenyl,  and  benzoic,  succinic,  and  homophthalic  acids  [7].  Reaction  of  m- 
nitrobenzoyl  peroxide  with  fused  benzoic  acid  leads  to  formation  of  3-nitrophenyl-3*-and  -4’ -carboxylic  acids  [8]. 

In  addition  small  quantities  of  nitrobenzene  and  3,3’-dinitrodiphenyl  were  isolated.  Nothing  appears  to  have  been 
published,  however,  about  the  products  of  reactions  of  benzoyl  peroxide  and  acetylbenzoyl  peroxide  in  benzoic  acid, 
or  of  m-nltrobenzoyl  peroxide  in  acetic  acid.  We  tfierefore  decided  in  the  first  place  to  determine  the  main  products 
of  these  reactions. 

Experiments  on  the  decomposition  of  acetylbenzoyl  peroxide  in  benzoic  acid  at  90*  led  to  formation  of  COj, 
methyl  benzoate,  and  a  mixture  of  phenylbenzoic  acids.  Other  products  containing  the  phenyl  group  (benzene  or  di¬ 
phenyl)  were  not  found.  Decomposition  of  benzoyl  peroxide  in  benzoic  acid  at  90*  gave  COj,  a  mixture  of  phenyl¬ 
benzoic  acids,  and  small  quantities  of  diphenyl  and  phenyl  benzoate.  Benzene  was  not  detected.  Breakdown  of  m- 
nitrobenzoyl  peroxide  in  glacial  acetic  acid  led  to  formation  of  COj,  nitrobenzene,  m-nitrobenzoic  acid,  and  a  large 
quantity  of  nitrogen-containing  higher  aromatic  acids. 
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Experiments  on  decomposition  of  benzoyl  peroxide,  ace- 
tylbenzoyl  peroxide,  and  m-nitrobenzoyl  peroxide  in 
C,H|C‘^H  and  CHgC^\X)H  revealed  that  2-25^  of  the  toul 
CO|  formed  was  C^|.  Decomposition  was  performed  at  70-100* 
(in  the  case  of  benzoic  acid  the  components  sintered  at  this 
temperature).  Results  are  set  forth  in  Table  1  which  shows  ttiat 
the  C^j  activity  (determined  on  BaC^^,)  is  2.2-2.af^  for  the 
reaction  of  benzoyl  peroxide  and  acetylbenzoyl  peroxide  in 
benzoic  acid  (Table  1.  Expts.  1  and  6). 

Widi  increasing  molar  ratio  of  peroxide  to  acid  (a:b  = 

1:7.5  to  1:50)  the  CO|  activity  rises  to  6.4*79  (Expts.1,2,  and  3). 
The  activity  increase  is  especially  conspicous  in  the  decompoti** 
tion  of  m-nitrobenzoyl  peroxide  in  benzoic  and  acetic  acids— 
12.6  and  21.2*7}  respectively  (Expts.  7  and  9).  The  activity  rises 
to  24.67*  with  fall  in  reaction  temperature  to  70*. 

These  data  coupled  with  the  earlier  analyses  of  the  re¬ 
action  products  led  us  to  the  conclusion  that  the  only  possible 
source  of  the  is  the  decarboxylation  of  the  RC*\X)* 
radicals  of  the  labeled  solvent. 

It  should  be  noted  that  acetylbenzoyl  peroxide  differs 
from  other  peroxides  in  giving  a  considerable  amount  of  methyl 
benzoate  when  decomposed  in  acids,  especially  in  presence  of 
benzoic  acid  (about  70^).  ihe  ester  may  have  been  formed  by 
molecular  breakdown 
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C0H5COOOCOCII3  — ►  CflHsCOOCHa  -f  COj  (2) 
or  by  initiated  decomposition 

Cll3(Clf3COO)  +C6H5GOOOCOGH3  — ► 

G0H5GOOGH3  +  Gll3GOO’(GH3GOO'  -f  GOj) 

The  high  yield  of  methyl  benzoate  on  reaction  of  per¬ 
oxide  in  benzoic  acid  is  more  likely  to  result  from  reaction  (2). 
In  such  a  case  the  quantity  of  peroxide  breaking  down  with 
formation  of  free  radicals  is  l/3  of  the  total  utilized.  This 
very  greatly  alters  the  C^^Dj/COi  total  ratio,  where  OOf  total 
includes  only  free-radical  decomposition.  The  corresponding 
calculation  of  the  activity  in  this  case  (Table  1,  Expt.  1) 
increases  its  quantity  to  8*7*.  Ester  formation  was  negligible  in 
the  other  reaction  and  such  a  calculation  would  not  appreciably 
alter  the  results  set  forth. 

Formation  of  the  R'COO*  radical  hrom  acid  is  possibly  due 
to  removal  of  carboxylic  hydrogen  both  by  RCOO*  and  by  the 
R  radical  of  the  peroxide.  The  latter,  however,  is  less  probable 
in  the  light  of  Kharasch's  data  for  dehydrogenation  of  alcohols 
by  the  R  radical  of  a  peroxide  [9].  We  were  interested  in  es¬ 
tablishing  the  possibility  of  these  reactions  in  our  case.  With 
this  objective  we  made  use  of  acetic  acid  deuterated  in  the 
carboxyl  group.  From  the  isotopic  composition  of  the  resulting 
RH  we  can  quantitatively  evaluate  the  dehydrogenation  of  the 
carboxyl  by  the  R  radical.  It  was  not  possible  to  directly  deter¬ 
mine  the  deuterium  content  in  RCOOD  formed  by  the  peroxide 
radical  according  to  reaction  (1)  due  to  the  rapid  exchange  of 
the  carboxylic  hydrogens  of  the  acids. 
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TABLE  2.  Decomposition  of  Acyl  Peroxides  in  Acetic  Acid  at  90*  with  a  1;150  Molar 
Ratio 


Isolated  I 

Isotopic  composition  \ 

Quantity  of 
labeled 
substances 
(in  mole) 

Peroxide 

1  substances 

moles  per 
mole  per¬ 
oxide 

Activity 

(in'7‘’of 

original 

CHjCiOOH) 

Deuterium 
content  (in 
‘70  of  original 
CHjCOOD) 

Benzoyl  | 

CO2 

f'eHe 

1.3 

0.62 

4.5 

3.0 

0.0585 

0.0186 

m-Nltrobenzoyl  | 

CO2 

r,,llfiN02 

l.OS 

0.2 

21.2 

1.2 

0.229 

0.0024 

Results  of  experiments  on  decomposition  of  benzoyl  peroxide  and  m-nitrobenzoyl  peroxide  in  CHsCOOD  are 
set  forth  in  Table  2, which  shows  that  in  the  case  of  the  phenyl  radical  the  deuterium  removal  amounts  to  while 
In  the  case  of  the  nitrophenyl  radical  it  amounts  to  The  quantity  of  labeled  is  far  from  being  balanced 
by  the  deuterated  benzene  or  nitrobenzene.  In  the  case  of  m-nitrobenzoyl  peroxide  the  C^H4DNO ratio  is  only 

n>. 


Consequently  the  acyloxy  radical  of  the  peroxide  is  mainly  responsible  for  the  abstraction  of  the  carboxylic 
hydrogen  of  the  acid.  We  call  this  process  "estafette"  radical  transfer. 

RCOO* -f  RTJ^OOH  — *  (RCOO’HOOCi<R']  RCOOH -1- R'Ci^OO* 

R'GKOO-  R'-f-C»402 

A  similar  reaction  of  the  phenyl  radical  in  benzene  as  solvent  was  previously  described  [10].  The  greater 
facility  of  carboxylic  hydrogen  abstraction  by  the  RCOO*  radical  is  in  harmony  with  views  on  the  possibility  of  forma¬ 
tion  of  a  hydrogen  bond  between  an  acyloxy  radical  and  acid  [5].  The  resulting  R’C*^0*  is  decarboxylated  to  give 
labeled  Estafette  transfer  is  more  conspicous  at  low  concentrations  of  peroxide  (Table  1,  Expts.  2  and  3).  This 

process  is  more  conveniently  observed  in  the  case  of  displacement  of  the  less  stable  CHsC^loO*  by  the  more  stable 
CgHsCOO*  or  02NQH4C00*  radical.  Thus  in  the  decomposition  of  benzoyl  peroxide  and  m-nitrobenzoyl  peroxide  in 
acetic  acid  (Table  1,  Expts.  5  and  1)  the  activity  increases  because  the  decarboxylation  of  stable  CgHsCOO*  or 
02NQH4C00’  radicals  is  on  a  smaller  scale  than  the  displacement  by  them  of  the  unstable  CHsC^^DO*  [11].  This  is 
also  illustrated  by  the  breakdown  of  m-nitrobenzoyl  peroxide  in  benzoic  and  acetic  acids  (Table  1,  Expts.  7  and  9). 
With  falling  reaction  temperature  the  COj  activity  also  rises  because  at  lower  temjjeratures  the  difference  between 
the  stabilities  of  CHsCOO*  and  m-02NCeH4CC)0‘  radicals  is  still  more  pronounced.  Our  results  are  in  accord  with 
literature  data  on  the  breakdown  of  benzoyl  peroxide  in  acetic  acid;  Our  value  of  €^^2/^2  total"  break¬ 

down  of  benzoyl  peroxide  in  acetic  acid  agrees  with  the  value  of  0114/002  =  0.044-0.031  [4]. 

The  authors  thank  S.  F.  Zhil’tsov  for  carrying  out  the  radiometric  measurements. 

EXPERIMENTAL 

Reaction  of  acetylbenzoyl  peroxide  with  benzoic  acid.  Numerous  attempts  to  perform  the  reaction  in  fused 
benzoic  acid  were  always  accompanied  by  explosions.  We  therefore  decided  to  operate  at  the  sintering  temperature 
of  the  components  (90-100*).  Under  these  conditions  the  reaction  went  fairly  quietly,  and  comparable  results  were 
obtained  in  parallel  experiments. 

A  solution  in  ether  was  prepared  at  low  temperature  from  3.0  g  of  acetylbenzoyl  peroxide  (0.017  mole)  and 
10  g  of  benzoic  acid  (0.082  mole).  This  procedure  ensured  better  mixing  of  the  components.  The  ether  was  then 
taken  off.  The  mixture  of  components  (1:5  molar  ratio)  was  heated  at  90*  for  6  hr.  During  the  reaction  0.7  g  of 
CO2  (0.016  mole)  came  off.  The  reaction  mixture  was  neutralized  with  sodium  carbonate.  The  neutral  products  were 
distilled  with  steam.  There  was  isolated  1.6  g  (0.012  mole)  of  methyl  benzoate  with  b.p.  195*.  Benzene  was  not  detec¬ 
ted.  Acidification  of  the  solution  of  salts  yielded  a  mixture  of  acids.  A  qualitative  test  for  acetic  acid  with  AS2P3 
was  negative.  Benzoic  acid  was  isolated  from  the  mixture  by  numerous  washings  with  hot  water  and  by  distillation 
with  steam.  The  residue  (0.92  g),  insoluble  in  hot  water,  was  a  mixture  of  substituted  benzoic  acids.  Sublimation  in 
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vacuo  yielded  p-phenylbenzolc  acid  with  m.p.  223*;  a  mixture  with  authentic  and  pure  p*phenylbenzoic  acid  melted 
at  225®.  The  acid  equivalent  was  found  to  be  193  (theoretical  value  198).  o-Phthallc  acid  was  detected  In  the  acid 
products  by  the  resorcinol  test. 

Reaction  of  benzoyl  peroxide  with  benzoic  acid.  A  mixture  of  5.0  g  (0.0207  mole)  of  benzoyl  peroxide  and 
15.0  g  (6.123  mole)  of  benzoic  acid  (1:6  molar  ratio)  was  heated  at  lOO-llO*  for  10  hr.  This  treatment  led  to  evolu¬ 
tion  of  0.75  g  of  COj  (0.017  mole).  A  trap  filled  with  active  carbon  and  cooled  to  -80*  was  provided  for  collection 
of  the  expected  benzene.  After  completion  of  the  reaction,  the  contents  of  the  trap  were  quickly  subjected  to  distil¬ 
lation  with  steam.  No  nltro  derivative  was  detected  after  extraction  of  the  distillate  with  CCl4and  nitration  with 
extreme  caution.  The  reaction  mixture  was  worked  up  as  In  the  preceding  experiment.  Steam  distillation  of  the 
neutralized  residue  gave  0.31  g  of  a  mixture  of  biphenyl  and  phenyl  benzoate.  The  ester  content  (determined  by 
saponification)  was  0.0017  mole.  Fractional  crystallization  of  the  acid  products  (after  removal  of  the  benzoic  acid) 
gave  2.34  g  of  a  mixture  of  acids  from  which  by  sublimation  was  Isolated  p-phenylbenzolc  acid  with  m.p.  225*  (no 
depression  In  admixture  with  an  authentic  specimen).  In  addition  5.78  g  of  a  mixture  of  benzoic  and  phenylbenzolc 
acids  was  Isolated.  Determination  of  the  acid  equivalent  gave  a  content  of  16^  phenylbenzolc  acids  In  this  mixture. 

A  total  of  0.016  mole  of  phenylbenzolc  acids  was  found.  The  residue  from  the  steam  distillation  contained  0.29  g 
of  resin. 

Reaction  of  m-nitrobenzoyl  peroxide  with  acetic  acid.  A  mixture  of  24.8  g  (0.74  mole)  of  m-nltrobenzoyl  per¬ 
oxide  and  245  g  (~  4  moles)  of  glacial  acetic  acid  (1:54  molar  ratio)  was  heated  at  90*  for  20  hr  with  loss  of  3.55  g 
(0.080  mole)  of  CO2.  The  reaction  products  were  analyzed  as  follows.  The  main  bulk  of  acetic  acid  was  distilled 
off,  using  a  dephlegmator.  Steam  distillation  of  the  neutralized  residue  gave  2  g  of  nitrobenzene.  The  steam  distil¬ 
late  was  extracted  with  CCI4  ^nd  nitrated.  We  obtained  2.48  g  (0.015  mole)  of  m -dinitrobenzene,  m.p.  88*.  Frac¬ 
tional  crystallization  of  the  solution  of  acids  yielded  5.6  g  (0.034  mole)  of  m-nitrobcnzolc  acid,  m.p.  132*  (no  de¬ 
pression  In  admixture  with  an  autlientic  specimen).  We  also  isolated  10  g  of  nitrogen-containing  higher  acids. 

Reaction  of  m-nitrobenzoyl  peroxide  with  CH3COOD.  m-Nitrobenzoyl  peroxide  (15  g  or  0.044  mole)  was  de¬ 
composed  in  150  ml  of  CH3COOD  (96300  y  of  deuterium  in  the  carboxyl)  by  heating  at  90*  for  15  hr.  The  solvent 
was  distilled  and  the  residue  neutralized  with  sodium  carbonate  and  distilled  with  steam.  Nitrobenzene  separated 
In  the  form  of  heavy,  oily  drops  and  was  collected  and  nitrated  to  m -dinitrobenzene.  There  was  obtained  1.54  g  of 
m -dinitrobenzene  with  m.p.  88*  (no  depression  of  melting  point  in  admixture  with  an  authentic  specimen).  In  the 
water  of  combustion  of  the  m -dinitrobenzene  was  found  285  y  of  deuterium  (1140  y  per  atom  of  hydrogen  in  the 
m-dinitrobenzene). 

Reaction  of  benzoyl  peroxide  with  CHsCCXDD.  Benzoyl  peroxide  (12.1  g or  0.050  mole)  In  392  ml  of  CH3COOD 
(about  100,000  y  of  deuterium  in  the  carboxyl)  was  heated  at  90*  for  5  hr  with  loss  of  2.86  g  (0.065  mole)  of  CO3. 
Only  benzene  was  isolated  from  the  reaction  product.  Nitration  gave  5.21  g  (0.031  mole)  of  m-dinitrobenzene  with 
m.p.  89*.  In  the  water  of  combustion  of  the  m-dinitrobenzene  was  found  772  y  of  deuterium  (3088  y  per  hydrogen 
atom  of  the  m-dinitrobenzene). 

Reactions  of  acyl  peroxides  in  carboxylic  acids  labeled  with  in  the  carboxyl.  Reactions  were  carried  out  In 
a  two-necked,  round -bottomed  flask  connected  to  a  bulb  condenser  with  four  traps  and  a  tube  for  admission  of 
purified  nitrogen.  A  weighed  sample  of  the  acyl  peroxide  in  Rc’^DOH  was  heated  in  a  nitrogen  stream  on  a  water  or 
glycerol  bath.  The  gaseous  products  of  reaction  passed  through  reflux  condenser,  two  traps  cooled  to  -80*,  and  then 
through  two  traps  containing  Ba(OH)2  solution.  In  the  first  two  traps  the  CO2  was  freed  of  acid  vapors,  and  in  the 
second  pair  of  traps  it  was  bound  as  BaC03.  After  completion  of  the  reaction,  the  BaC03  was  filtered,  dried,  and 
analyzed  for  its  content.  The  complete  absence  of  traces  of  active  acids  from  the  separated  CO2  was  checked  in 
blank  experiments  carried  out  under  similar  conditions.  A  weighed  sample  of  active  acid  was  heated  at  90*  in  a  dry 
nitrogen  stream.  An  equivalent  quantity  of  ordinary  BaC03  had  previously  been  put  into  the  barytes  water  tr^p.  After 
5-  to6-hr  heating  in  the  nitrogen  stream,  the  BaC03  was  filtered  and  analyzed  for  i:s  content.  Results  of  blank 
experiments  run  with  active  acetic  (1.5-10*^  pulses/min)  and  benzoic  (7'10^  pulses/min)  acids  showed  that  the  BaCOg 
was  substantially  free  of  activity  (50  and  30  pulses/min  respectively). 

Isotopic  comjX)sition  of  the  substances.  The  waters  of  combustion  were  analyzed  for  deuterium  by  the  flotation 
method.  Measurements  were  accurate  to  30  y. 

Radiometric  analysis  for  the  C**  content  was  carried  out  in  an  internally  filled  counter.  The  counter  mixture 
consisted  of  n-hexane  vapor  and  the  CO2  being  analyzed  .which  was  obtained  by  burning  the  substance  or  by  decom- 
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position  of  BaCO|  with  mineral  acid.  The  reiative  activity  of  radiocarbon  U  given  in  the  paper.  Measurements 
were  made  with  an  MS -4  counter  tube  with  a  volume  of  29.95  ml  at  a  pressure  of  the  CO|  sample  of  40  mm  mercury 
column.  This  is  equivalent  to  1.44  ml  of  CO|  under  normal  conditions. 

SUMMARY 

1.  The  decomposition  of  benzoyl,  acetylbenzoyl,  and  m*nitrobenzoyl  peroxides  in  acetic  and  benzoic  acids  labeled 
with  radiocarbon in  the  carboxyl  was  investigated.  It  was  shown  that  the  liberated  carbon  dioxide  contains  between 

2  and  2S^  of  active 

2.  Decomposition  of  benzoyl  peroxide  and  m-nitrobenzoyl  peroxide  was  effected  in  deuteroacetic  acid 
CH|C(X)D.  It  was  found  that  the  R  radical  of  the  peroxides  abstracts  between  1  and  3^  of  the  deuterium  from  the 
carboxyl  of  the  acid  (R=c:^H5,  C:jH4NOi). 

3.  Separation  of  labeled  is  attributed  to  estafette  transfer  of  acyloxy  radicals  with  the  carboxylic  acid. 
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Great  interest  is  attached  to  the  acetylcyclohexanesulfonyl  peroxide  synthesized  by  Graf.  It  has  found  applica¬ 
tion  in  several  reactions  proceeding  by  a  radical  mechanism  [1-4].  Decomposition  of  the  peroxide  was  only  carried 
out  in  cyclohexane  [1].  It  appeared  of  interest  to  us  to  study  reactions  of  this  peroxide  in  which  homolytic  breakdown 
gives  two  different  radicals:  cyclo-C^Hi|SO|0*  and  CH|COO*.  This  would  enable  comparison  of  their  properties  and 
would  throw  fresh  light  on  the  mechanism  of  the  reaction  of  acyl  peroxides. 

For  study  of  thermal  decomposition  of  the  peroxide  we  chose  both  hydrogen -containing  organic  solvents  dif¬ 
fering  in  their  ability  to  supply  hydrogen  atoms  to  the  free  radicals  of  the  peroxide  and  saturated  halogenated  solvenU. 
Kinetic  investigations  were  made  in  isopropyl  alcohol,  cyclohexane,  benzene,  and  carbon  tetrachloride.  Decomposi¬ 
tion  was  found  to  follow  a  first-order  law  (Figs.  1-4)  [5].  The  apparent  energies  of  activation  in  the  solvents  were 
calculated  from  the  slope  of  the  straight-line  plots  (Fig.  5)  (see  Table  1). 


TABLE  1.  Calculated  Rate  Constants  of  Decomposition  and  Ap¬ 
parent  Activation  Energies 


Temperature 

Rate  constant  k  x  10^ 

sec"* 

isopropyl 

alcohol 

1 

cyclo¬ 

hexane 

1 

C,H. 

ecu 

18® 

5.12 

20 

13.90 

9.59 

— 

— 

25 

30.20 

15.54 

— 

— 

30 

50.20 

34.50 

— 

— 

35 

— 

— 

5.76 

— 

40 

_ 

127.90 

11.30 

4.15 

45 

_ 

_ 

21.55 

50 

_ 

_ 

— 

16>45 

55 

— 

1 

74.00 

1 

E  (kcal/mole) 

25.5 

i 

23.4 

25.6 

26.8 

The  results  show  that  the  rate  of  decomposition  of  acetylchlohexanesulfonyl  ^  eroxide  in  different  solvents  falls 
in  the  following  sequence:  isopropyl  alcohol>cyclohexane>benzene>  carbon  tetrach]  oride. 

It  is  noteworthy  that  the  different  solvents  have  similar  activation  energies. 

Reaction  of  the  peroxide  with  the  above  solvents  yielded  cyclohexanesulfonlc  acid,  cyclohexenesulfonic  acid, 
acetic  acid,  methane,  methyl  chloride,  carbon  dioxide,  methyl  and  cyclohexyl  esten  of  cyclohexanesulfonlc  acid, 
hexachloroethane,  acetone,  and  cyclohexene  (Table  2). 

We  see  from  Table2  that  reaction  with  the  solvents  always  gives  a  mixture  of  sulfonic  acids  whose  quantity 
increases  from  0.6  mole  in  cyclohexane  to  0.9  mole  in  carbon  tetrachloride.  It  follows  that  sulfonic  acids  can  be 
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•  •  In  percent  of  weight  of  peroxide. 
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Fig.  1.  Decomposition  of  0.1  M  per¬ 
oxide  solution  in  iso-  CHsHiOH. 


Fig.  4.  Decomposition  of  0.1  M  per 
oxide  solution  in  CCI4. 


Fig.  2.  Decomposition  of  0.1  M  per-  '"'8-  Rate  of  decomposition  of  peroxide  as 

oxide  solution  in  cyclohexane.  ®  function  of  the  temperature.  The  straight 

lines  1  to  4  correspond  to  reactions  in  isopropyl 
alcohol,  cyclohexane,  benzene,  benzene,  and 
CCI4. 
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formed  both  by  reaction  of  the  QHnSOjO'  radical  with  hydrogen-containing  solvents  and  by  reaction  of  diuolved 
peroxide  molecules  with  radicals  or  by  disproportionation  of  the  latter  (this  occurs  in  carbon  tetrachloride).  In  the 
light  of  these  facts  we  should  expect  the  quantity  of  unsaturated  sulfonic  acid  to  increase  in  the  sequence:  isopropyl 
alcohol<cyclohexane<benzene< carbon  tetrachloride.  This  was  confirmed  by  experiments.  The  yield  of  unsaturated 
sulfonic  acid  depends  on  the  temperature.  In  the  reaction  of  acetylcyclohexanesulfonyl  peroxide  with  isopropyl  alco¬ 
hol  the  quantity  of  cyclohexenesulfonic  acid  increases  from  2.5  at  20* **  to  8.0^  at  35*. 

The  reaction  products  always  include  the  methyl  ester  of  cyclohexanesulfonic  acid  in  a  quantity  diat  hardly 
changes  with  changing  concentration  of  peroxide  (Table  3).  It  is  probably  therefore  formed  by  molecular  decomposi¬ 
tion  of  the  initial  peroxide  or  by  "cage”*  reaction  of  the  solvent.  In  this  case  induced  decomposition  appears  to  play 
a  secondary  role.  The  cyclohexyl  ester  of  cyclohexanesulfonic  acid  is  possibly  formed  by  exchange  interaction  of 
peroxide  with  cyclohexane. 

Carbon  dioxide  is  nearly  quantitatively  evolved  in  the  reaction  of  the  peroxide  with  isopropyl  alcohol,  cyclo¬ 
hexane,  and  carbon  tetrachloride.  We  did  not,  however,  observe  an  equimolar  ratio  of  00s  CH4(CHsCl), which  was 

found  in  the  reaction  of  acetylbenzoyl  peroxide  with  alcohols  [6].  This  inequality  of  volumes  is  further  evidence  in 
favor  of  molecular  decomposition  of  the  initial  peroxide  with  formation  of  an  ester.  Separation  of  a  very  small  amount 
of  acetic  acid  during  decomposition  of  the  peroxide  in  isopropyl  alcohol  also  shows  the  difference  in  behavior  of  these 
two  peroxides.  In  the  case  of  acetylcyclohexanesulfonyl  peroxide  the  COi/CHsCOOH  ratio  is  47.5  at  20*  and  the  molar 
peroxide:  solvent  ratio  is  1:19;  in  the  case  of  acetylbenzoyl  peroxide  the  respective  ratios  are  4.8  at  82*  and  1:23. 

A  set  of  experiments,  in  which  the  reaction  temperature  and  the  peroxide  concentration  were  varied,  was  car¬ 
ried  out  with  the  aim  of  clarifying  the  mechanism  of  the  reaction  of  the  peroxide  with  isopropyl  alcohol.  The  methyl 
ester  was  determined  by  saponification  followed  by  oxidation  of  the  methyl  alcohol  in  the  distillate.  However,  the 
dimedon  derivative  of  formaldehyde  could  not  be  obtained.  Acetone  2,4-dinitrophenylhydrazone  (m.p.  124*)  was  isoi- 
lated.  This  indicated  the  presence  of  isopropyl  alcohol.  Since  in  the  series  of  experiments  there  was  a  considerable 
difference  between  the  CH4  and  CO|  yields,  we  made  a  study  of  decomposition  of  ()eroxide  labeled  with  in  the 
CH3  group  in  isopropyl  alcohol.  Methyl  alcohol  was  detected  in  the  distillate  of  the  solvent  by  radiometric  analysis?* 
This  alcohol  is  formed  by  alcoholysis  of  the  ester  and  comes  over  with  the  isopropyl  alcohol.  A  material  balance  of 
the  reaction  products  was  carried  out  at  the  same  time  (Table  4). 

TABLE  3.  Relation  Between  Yield  of  Methyl  Ester  of  Cyclohexansulfonic  Acid  in  the 
Reaction  Products  and  the  Peroxide  Concentration  in  Different  Solvents 


Products  iso¬ 
lated  (mole/ 
/mole  per¬ 
oxide) 


Solvents 


cyclQ-c,H, 


CeHiiSOjOCHp 
C«MnS020G((Hii 
Total  acidity 

CH3COCH3 


TABLE  4.  Radiometric  Analysis  of  Products  of  Reaction  of 
Peroxide  with  Isopropyl  Alcohol  (initial  activity  1,000,000 
pulses/  min  for  0.0105  mole) 


Products  isolated 

Activity 
pulses/min  | 

•/. 

DistiUed  iso-CaHTOH 

264000 

26.40 

CH4 

635700 

63.57 

C,HnS03Na 

20400 

2.04 

Among  the  products  of  decomposition  of 
peroxide  in  cyclohexane  was  cyclohexene.  Its 
formation  can  be  attributed  to  a  disfaroportionation 
reaction  of  cyclobexyl  radicals  [7].  Hexachloro- 
ethane  was  found  in  the  case  of  reaction  of  per- 

*  The  "cage*  effect  is  discussed  Interalla  by  Swain, 
Schaad  and  Kresge  [7]  (Translator). 

**  The  authors  have  to  thank  Yu.  A.  Kaplin  for 
carrying  out  the  radiometric  analysis. 


TABLE  5.*Experlments  on  the  Thermal  Decomposition  of  the  Peroxide 


Iso- 

Cyclo- 

Notes 

G,H,OH 

C.H,, 

GCI4 

Peroxide  sample 

10.50 

10.45 

10.65 

10.60 

(millimoles) 

Duration  of  experiment 

24 

6 

7 

6 

(hr) 

Temperature  of  decom  • 

20° 

350 

.50.4° 

55.4° 

position 

Products  of  reaction  (mil- 

10.00 

10.05 

5.70 

9.86 

A  content  of  0.018  g  Cl*  in 

limoles) 

the  case  of  CCl4was  found 
by  mercurometric  deter¬ 
mination 

6.3G 

6.35 

2.95 

— 

S-Benzylthiuronium  deriva- 

C«n„SOr,H 

8.10 

5.53 

6.37 

6.15 

tlvem.p.  182- 183"  (from 
aqueous  alcohol) 

By  the  bromide -bromate 

CellgSOaH 

0.29 

0.87 

2.85 

3.40 

method  on  the  dry  salts 

Radiometrically  in  the  case 

CglliiSOaOCIla 

2.04 

1 

2.07 

1.82 

of  isopropyl  alcohol;  iodo- 
metrically  in  the  case  of 

CCI4  [11] 

r.„ii„so20Coii„ 

— 

4.15 

_ 

M.p.  49.5-50.5"  (from 

cyclohexane)  (the  litera  - 
tureglvesm.p.  51-52") 

CHnCOCHg 

0.00 

_ 

1.42  g;  m.p.  of2,4-dinitro- 

phenylhydrazone  124" 

(from  alcohol)  (the  litera- 

ture  reports  126") 

CllaCOOll 

0.20 

3..58 

Qualitative  determ  ination 

by  cacodyl  oxide  forma¬ 
tion 

QjHio 

0.7 

— 

— 

By  bromination  in  alcoholic 

solution 

CH3CI 

— 

— 

— 

6.00 

CgClg 

— 

— 

— 

2.40 

M.p.  184- 185"  (in  sealed 

capillary)  (the  literature 
gives  m.p.  186") 

HCl 

— 

— 

— 

0.90 

Mercurometrically  [12] 

Resin  (g) 

— 

— 

0.3 

Trace 

•  Volume  of  solvent  in  each  experiment  15  ml. 


oxide  with  carbon  tetrachloride.  It  is  formed  by  recombination  of’CCls  radials.  Secondary  products  were  hydrogen 
chloride  and  carbonyl  chloride,  the  first  of  which  is  evidently  the  consequence  of  hydrolysis  of  R*CCl3,  while  the 
second  is  formed  by  oxidation  of  the  ‘CCls  radical  [8]. 


Reaction  of  acetylcyclohexanesulfonyl  peroxide  with  benzene  led  to  separation  of  much  acetic  acid  (Table  2), 
but  products  of  interaction  with  the  solvent  were  not  detected.  This  result  at  first  sight  appears  inconsistent,  but  it 
can  be  accounted  for  by  considerable  resinification.  The  nature  of  the  resin  could  only  be  elucidated  by  decomposi¬ 
tion  of  the  peroxide  in  benzene  labeled  with  Radiometric  analysis  revealed  an  activity  in  the  resin  (400  pulses/ 
min)  equal  to  2/3  of  the  initial  activity  in  the  benzene  (616  pulses/min).  The  presence  of  sulfur  in  the  resin  was 
confirmed  by  qualitative  test.  The  results  show  that  benzene  participates  in  the  reaction  [9]. 

The  kinetic  investigations  of  thermal  decomposition  of  the  peroxide,  in  conjunction  with  the  analytical  results 
and  the  nature  of  the  isolated  products,enable  us  to  propose  two  reaction  routes~a  free-radical  mechanism  and  mole¬ 
cular  Interaction 


Radical-chain  mechanism 


C«H„S0,-0-0-C-CHs-*  QHi,SOp-  +  CHgCOO  .  (1) 

II 

O 

CiijCCX)-  CH,  +  CO,.  (2) 

CHj+ HR-CH4+*R-,  (3) 

•CHj  +  CCI4-  CHjCl  +  ‘CClj,  (4) 

QHiiSOjO*  +  RH  QHijSOiOH  +  R*.  (5) 

Molecular  mechanism 

CeHnSOj-O-O-C-CH,  -  QHiiSOjOCHs  +  CO,.  (6) 

II 

O 

(RH  =  hydrogen-containing  solvent) 


EXPERIMENTAL 

Acetylcyclohexanesulfonyl  peroxide  was  synthesized  by  GraPs  method  [1].  The  content  of  the  substance  in  the 
preparation  was  never  lower  than  93.3lo  in  any  of  the  experiments.  Acetic  anhydride  labeled  with  C*^  in  the  CH, 
group,  needed  for  preparation  of  the  initial  peroxide,  was  synthesized  from  acetyl  chloride  and  C*^-labeled  sodium 
acetate.  The  latter  was  synthesized  by  a  modification  of  the  literature  method  [10],  Excess  of  CO,  was  injected  into 
the  reaction  mixture.  The  solvents  were  purified  by  the  usual  methods. 

Kinetic  investigations  were  carried  out  in  ampoules  (in  the  absence  of  air).  The  sealed  ampoules  were  placed 
in  a  thermostat  at  a  temperature  constant  to  within  ±  0.1*.  At  predetermined  intervals  of  time  the  ampoules  were 
withdrawn  from  the  thermostat,  quickly  cooled,  and  opened.  The  contents  were  then  ahalyzed. 

Thermal  decomposition  of  the  peroxide  was  carried  out  in  a  reactor  to  which  a  reflux  condenser  was  attached 
through  a  ground -glass  joint.  It  was  fitted  with  a  nitrogen  supply  tube.  The  apparatus  was  placed  on  a  water  bath. 
About  0.0105  mole  of  peroxide  and  15  ml  of  the  solvent  were  usually  charged  into  the  reactor.  The  system  was  pre¬ 
viously  filled  with  dry  nitrogen.  The  gaseous  reaction  products  were  passed  through  a  trap  containing  30^  KOH  solu¬ 
tion.  where  the  CO,  was  retained,  and  the  residual  gas  was  collected  in  a  gasholder.  At  the  end  of  the  reaction,  a  very 
slow  stream  of  dry  nitrogen  was  passed  through  the  system.  The  collected  gas  was  analyzed  in  a  VTI  apparatus.  The 
acid  reaction  products  were  washed  widi  water  and  titrated  with  0.1  N  alkali  solution.  The  organic  layer  was  dried 
over  sodium  sulfate;  the  solvent  was  distilled  and  the  residue  analyzed  for  its  content  of  ester  by  saponification  with 
alcoholic  KOH.  The  neutralized  solution  was  distilled  with  steam.  Cyclobexanesulfonic  acid  was  identified  in  the 
residue  through  the  melting  point  of  its  S-benzylthiuronium  derivative. 

The  distillate  always  contained  a  small  quantity  of  oily  product.  The  solvent  came  over  initially  during  de¬ 
composition  in  isopropyl  alcohol.  Results  of  the  experiments  and  the  conditions  of  operation  are  set  forth  in  Table  5. 

SUMMARY 

1.  It  was  established  that  thermal  decomposition  of  acetylcyclohexanesulfonyl  peroxide  with  organic  solvents 
takes  place  according  to  a  first-order  kinetic  law.  The  rate  depends  on  the  nature  of  the  solvent  and  falls  in  the  se¬ 
quence:  isopropyl  alcohol  >  cyclohexane  >  benzene  >  carbon  tetrachloride. 
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2.  It  was  shown  that  reaction  of  acetylcyclohexanesulfonyl  peroxide  with  organic  solvents  is  realized  by  two 
routes~a  free-radical  and  a  molecular  mechanism.  This  is  confirmed  by  die  constancy  of  the  amount  of  methyl 
ester  in  the  reaction  products  which  is  independent  of  the  change  of  concentration  of  the  initial  peroxide. 
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Among  the  countless  number  of  5-monosubstituted  barbituric  acid  derivatives  described  in  the  literattire,  the 
almost  complete  lack  of  study  of  the  5-acyl  derivatives  is  attracting  attention.  Only  5-acetyl-  and  5-benzoylbarbiturlc 
acids  have  been  described,  having  been  prepared  reacting  barbituric  acid  with  the  corresponding  acid  anhydride  [1], 

Continuing  the  work  on  the  study  of  the  C-acylation  of  heterocyclic  ketoenols  [2-4],  we  found  that  good  yields 
of  5-acylbarbituric  acids  can  be  readily  obtained  by  acylating  barbituric  acid  with  aliphatic  acids  in  the  presence  of 
phosphorus  oxychloride.  5-Acylbarbituric  acids  form  colorless,  acicular  crystals,  poorly  soluble  in  water  and  alcohol, 
readily  soluble  in  hot  acetic  acid.  They  possess  sharply  defined  acidic  properties,  ^uch  as  being  readily  soluble  in 
alkalis;  with  an  alcoholic  solution  of  ferric  chloride  they  give  an  orange-red  coloration. 


TABLE  1.  5-Acylbarbituric  Acids 


RCO. 


o= 


NH 

=0 


R 

? 

Melting 

point 

Molecular 

formula 

Analytical  results  fh) 

«  1 

N 

found 

calc. 

found 

calc. 

found 

calc. 

CM3 

86 

295—297° 

C6M6O4N2 

42.30, 

42.35 

3.67, 

3.55 

16.52, 

16.46 

42.28 

3.79 

16..52 

QMg 

70 

242-244 

C7H8O4N2 

45.76, 

45.65 

4.28, 

4.37 

1.5.38, 

15.21 

45.94 

4.38 

1.5.44 

n-  C3H7 

78 

224—225 

]  1 

48.29, 

48.46 

5.01, 

5.08 

14.,33, 

14.13 

48.27 

4.87 

14.25 

>  '-■8MioD4N2  < 

48.21, 

4.83, 

14.04, 

iso-  C3H7 

25 

230-233 

1  I 

48.19 

4.89 

14.09 

n-  C4Hfl 

75 

218-218.5 

1  1 

.50.97, 

50.93 

5.80, 

5.70 

13.36, 

13.20 

51.08 

5.75 

1.3.17 

>  t'9Hl2D4lN2j 

50.91, 

5.48, 

13.17, 

iso-  04119 

70 

213—213.5 

1  1 

51.11 

5..57 

13.14 

n-CsMii 

77 

210—210.5 

G10M14O4N2 

53.29, 

53.08 

6.41, 

6.23 

12.39. 

12..38 

53.39 

6.42 

12..52 

n-  * '6 11 13 

79 

205 

Gii  H16O4N2 

.54.96, 

.54.98 

6.83, 

6.71 

11.56, 

11.66 

.55.02 

6.72 

11.63 

n-  t.7iii3 

30 

210 

^12M  I8O4N2 

57.04, 

.56.67 

7.39, 

7.13 

11.07, 

11.01 

56.94 

7.54 

11.08 

The phenylhydra zones  of  all  the  5-acylbarbituric  acids  have  been  synthesized  as  white,  crystalline  substances, 
soluble  in  alkali,  poorly  soluble  in  the  majority  of  organic  solvents.  The  phenylhydrazones  crystallize  from  a 
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mixture  of  alcohol  and  glacial  acetic  acid  as  fine  needles,  melting  with  decomposition  and  not  giving  a  color  reac 
tlon  with  ferric  chloride  solution. 


EXPERIMENTAL 

5-Acetylbarblturlc  Acid.  A  mixture  of  3  g  of  barbituric  acid.  15  ml  of  glacial  CH3CCXDH,  and  6  ml  of  POCl| 
was  boiled  for  45  minutes  under  a  reflux  condenser.  On  cooling,  the  reaction  mixture  was  diluted  with  150  ml  of 
water,  the  precipitate  obtained  filtered  off,  washed  with  water,  and  dried  at  ~100*C.  A  yield  of  3.43  g  (86*7o)  of  5- 
acetylbarblturlc  acid  was  obtained.  After  recrystallizing  from  dilute  CHgCOOH.  m.p.  was  295-297*  (with  decomp.). 
A  sample  of  this  substance  mixed  with  a  sample  obtained  by  the  method  described  in  [1]  did  not  give  a  melting 
point  depression.  Other  5-acylbarblturlc  acids  were  prepared  similarly.  Results  of  experiments  are  given  In  Table  1. 
Phenylhydrazones  of  5-acylbarblturlc  acids  were  prepared  by  the  usual  method  In  a  solution  of  glacial  acetic  acid 
(see  Table  2). 


TABLE  2.  Phenylhydrazones  of  5-AcylbarbIturic  Acids 


C,H»HNN 

RC 


"1 

o=L 


NH 

Lo 


1 

Analytical  results  0°) 

Melting 

Moleculai 

^  1 

»  1 

N 

R 

point 

(with  de- 

formula 

found 

calc. 

found 

calc. 

found 

calc. 

comp.) 

CII^ 

308-310° 

CaH's 

241-242 

56.93, 

56.92 

4.89, 

5.14 

20.69, 

20.42 

56.90 

5.12 

20.64 

248-249 

1 

58.35, 

58.32 

5.75, 

5.59 

19.44, 

19.43 

CMH16O3N4  1 

58.55 

5.70 

19.26 

19.41, 

Iso  ‘031!  7 

272-275 

)  1 

19.32 

n  -04119 

228—229 

59.79, 

59.58 

6.11. 

6.00 

18.58, 

18.53 

-  C15H18O3N4  1 

59.75 

6.25 

18.46 

59.50, 

6.02, 

18.59, 

Iso  -C4H9 

226—226.5 

[ 

59.37 

5.86 

18.42 

n  -CsHii 

228-228.5 

G16H20O3N4 

61.07, 

60.74 

6.53, 

6.37 

17.56, 

17.71 

61.11 

6.66 

17.52 

n  -C9H13 

230-230.5 

C17H22O3N4 

61.93 

61.80 

7.07 

6.71 

16.86, 

16.88 

16.96 

n  -C7H15 

230.5-231 

C18H04O3N4 

62.52 

62.77 

7.39 

7.02 

16.39, 

16.26 

16.26 

SUMMARY 

By  reacting  barbituric  acid  with  aliphatic  acids  in  the  presence  of  phosphorus  oxychloride,  a  series  of  {deviously 
undescribed  5-acylbarbituric  acids  was  prepared. 
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In  a  previous  communication  [1]  the  orientating  influences  of  various  substituents  occurring  in  the  6  -positions 
in  the  phenazine  ring  on  formation  of  phenazine  salts  were  investigated.  In  the  present  article  these  investigations 
are  extended  to  a -substituents  of  phenazine  where,  besides  electronic  effects  transmitted  through  the  phenazine  ring, 
the  steric  hindrance  shown  by  the  following  substituents  plays  a  considerable  part  in  the  orientation:  CHs-|  OCH|-, 
C^H5-  groups,  and  the  chlorine  atom.  The  investigation  is  based  on  the  spectrophotometric  method  [2],  supported  by 
chemical  data.  Isomeric  monoacid  salts  of  substituted  phenazine  are  compared  with  corresponding  quaternary  salts; 
diacid  salts  are  compared  with  quaternary  salts  soluble  in  concentrated  sulfuric  acid,  in  which  they  are  protonated 
at  the  free  nitrogen  in  the  ring.  Spectra  of  such  protonated  quaternary  salts  and  spectra  diacid  salts  are  often  similar 
as  regards  the  form  of  the  absorption  curve  and  the  position  of  the  main  maximum,  although  the  latter  for  the  diacld 
salt  is  slightly  displaced  to  the  short-wave  side. 

1-Methylphenazine.  The  methyl  group  through  its  induction  +I  effect  exerts  negligible  influence  on  the  elec¬ 
tronic  configuration  of  the  phenazine  ring;  thus,  the  spectra  of  phenazine  and  its  methyl  homolog  ate  almost  ident¬ 
ical  (Fig.  1,  curves  1,  2).*  In  dilute  acid  1-methylphenazine  dissolves  with  formation  of  a  certain  amount  of  mono¬ 
acid  salt,  the  solution  having  a  dark-yellow  color.  The  absorption  band  characteristic  for  a  monoacid  salt  lies  at 
380-382  m^  (Fig.  2,  curves  2-5).  In  concentrated  acid  a  diacid  1-methylphenazine  salt  is  formed,  the  solution  of 
which  has  a  bright-orange  color.  The  band  of  the  diacid  salt  lies  at  410-413  mM  (Fig.  2,  curve  6). 

Onset  of  protonation  in  1-methylphenazine  and  in  unsubstituted  phenazine  differ:  in  2.5^  acid  phenazine  re¬ 
mains  as  the  base  [1],  while  1-methylphenazine  in  acid  of  the  same  concentration  is  partially  converted  into  the 
monoacid  salt.  This  is  seen  by  the  recurvature  in  the  absorption  curve  (Fig.  2,  curve  2)  at  380  mM ,  which  in  acid 
of  greater  concentration  is  converted  into  the  clearly  defined  band  of  the  monosalt  (curves  4,  5). 

The  absorption  spectra  of  1,9-  and  1,  10-dimethylphenazinium  perchlorates  are  very  similar  to  each  other 
(Fig.  2,  curves  7,9),  but  the  absorption  of  the  monoacid  salt  of  1-methylphenazine  differs  so  much  from  them  that 
it  is  impossible  by  comparing  them  to  determine  at  the  expense  of  which  of  the  2  centers  of  basicity  the  monoacid 
salt  is  formed.  It  is  most  likely  that  both  nitrogen  atoms  are  protonated  separately  in  acid  and  form  two  isomeric 
monoacid  salts,  the  salt  with  the  proton  attached  to  nitrogen  atom  10  predominating  slightly  owing  to  the  absence 
of  steric  hindrance  in  that  position.  Curve  4  in  Fig.  2  represents  the  absorptitm  spectrum  of  a  solution  In  which  two 
isomeric  monoacid  salts  and  a  certain  amount  of  unreacted  base  are  present  simultaneously.  In  75%  acid  a  small 
amount  of  diacid  salt  is  formed,  as  is  shown  by  the  slight  recurvature  in  curve  5  between  400  and  420  mM  (Fig.  2, 
curve  5).  In  96%  acid  all  of  the  base  and  almost  all  of  the  monoacid  salt  are  converted  into  the  diacid  salt,  with  a 
band  at  413  mM  and  €  27,000  (Fig.  2,  curve  6). 

By  reacting  dimethyl  sulfate  with  the  base  at  90-95®,  the  quaternary  salt  of  1-methylphenazine  is  formed 
smoothly  in  almost  quantitative  yield,  a  sample  of  which  melts  without  melting  point  depression  when  mixed  with 
the  1, 10-dimethylphenazinium  salt,  their  spectra  also  coinciding.  A  second  isomeric  quaternary  salt  is  not  formed 
owing  to  steric  hindrance.  However,  if  the  10-position  in  1-methylphenazine  is  occupied  by  oxygen,  for  instance, 
then  at  a  higher  temperature  and  with  a  large  excess  of  dimethyl  sulfate  steric  hindrance  can  be  overcome  and  a 
methyl  group  introduced  into  the  9-position.  It  combines  with  nitrogen  atom  9,  forming  the  methyl  sulfate  of  the 


*  Explanations  to  the  figures  are  in  the  text. 
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10-oxide  of  1.9-dimethylphenazinluin  In  53^  yield.  This  salt  is  rather  unstable  and  on  repeated  crystallization  from 
dilute  alcohol  is  partially  decomposed  with  formation  of  the  10-oxide  of  1-methylphenazine.  The  diquaternary  1- 
methylphenazine  salt  is  not  ftmned.  Its  prototype  Is  the  salt  formed  on  dissolving  1.10-dimethylphenazinium  perchlo 
rate  in  concentrated  sulfuric  acid,  its  maximum  occurring  at  419  mM  (Pig*  2.  curve  8). 


Xmji 

Fig.  1. 


The  mono-  and  diacid  1-methylphenazlne  salts  in  acid  solution  ate  alcoholated  on  dilution  with  alcohol, 
whereupon  the  absorption  band  maxima  and  their  molecular  extinctions  are  gradually  changed  in  the  reverse  order 
to  salt  formation. 

1  -Methoxyphenazine.  Introduction  of  a  OCH8  group  into  the  phenazine  ring  in  the  1-position  causes  a  shift  in 
the  absorption  s^ctrum  of  phenazine  at  249  mfi  to  the  extent  of  10-20  mM  toward  the  long-wave  region  and  the  ap¬ 
pearance  of  a  new  band  of  low  intensity  at  the  border  of  the  visible  and  ultraviolet  regions.  The  phenazine  band  at 
362  mM  remains  in  the  same  position  in  this  case  (Fig.  1,  curve  3),  In  acid,  1- methoxyphenazine,  like  all  a-substltu- 
ted  derivatives,  forms  mono-  and  diacid  salts  with  characteristic  absorption  bands.  For  monoacid  salts  the  band  maxi¬ 
mum  lies  at  381-382  mM ;  for  the  disalt  it  occurs  between  405  and  412  mM .  In  l.^o  acid,  judging  by  the  presence  of 
two  maxima  in  the  absorption  curve,  someofthe  1 -methoxyphenazine  molecules  remain  as  the  free  base  (Fig.  3, 
curve  2),  and  some  are  converted  into  the  monosalt  (maximum  at  381  mM). 

In  view  of  the  complete  coincidence  the  absorption  spectra  of  the  two  isomeric  quaternary  salts,  1-methoxy- 
10-methylphenazlnium  (Fig.  3,  curve  7)  and  1-methoxy- 9-methylphenazinlum  (Fig.  3,  curve  9* )  perchlorates, 
it  is  Impossible  to  decide  at  the  expense  of  which  of  the  two  nitrogen  atoms  the  monoacid  salt  is  formed.  Evidently, 
as  in  the  preceding  case,  because  of  sterlc  hindrance  in  dilute  acid  the  protons  combine  at  first  with  nitrogen  atom 
10.  In  7^  acid  protonation  of  the  second  nitrogen  atom  begins,  this  atom  being  shielded  by  the  CH^  group;  the 
disalt  is  then  formed,  as  is  evident  by  the  curve's  low -intensity  recurvature  at  410  mM  (Fig.  3,  curve  4),  this  being 
small  and  less  than  in  unsubstituted  phenazine  [1],  where  the  shielding  factor  is  absent.  In  90^o  acid  the  disalt  of  ap¬ 
proximately  half  the  molecules  is  formed  (Fig.  3,  curve  5).  The  remaining  molecules  are  monosalt.  There  is  no 
base  in  this  solution.  In  96^o  acid  neither  base  nor  monoacid  salt  is  in  solution:  they  are  completely  protonated  at 
both  centers  of  basicity.  Thus,  the  absorption  curve  of  the  diacid  salt  with  a  maximum  at  412  mM  (Fig.  3,  curve  6) 
is  very  similar  in  form  and  position  to  the  curve  of  the  1-methoxy-lO-ethylphenazinium  salt  in  96^  acid  (Fig.  3, 
curve  8). 

•Curve  9  (Fig.  3)  coincides  with  curve  7. 
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1  - Chlorophenaz ine .  A  chlorine  atom  in  the  1-pocl- 
tion  in  the  phenazine  ring  widiidraws  electrons  from  bodi 
nitrogen  atoms, because  of  its  -1  effect,  to  a  greater 
extent  from  nitrogen  atom  9,  which  is  nearer.  Because 
of  this,  the  strength  of  the  basicity  and  the  ability  of  1- 
chlorophenazine  to  form  saits  in  comparison  with  phena¬ 
zine  decreases.  It  is  known  that  chlorophenazines  react 
with  dimethyl  sulfate  with  much  greater  difficulty  ^an 
unsubstituted  phenazine,  a  higher  temperature  and  a 
large  excess  of  dimethyl  sulfate  being  needed.  As  a 
resuit  of  this,  in  the  absorption  curve  of  1-chlorophena- 
zine  in  dilute  sulfuric  acid  (from  2.5  to  7.S^o)  the  form 
and  position  of  the  absorption  bands  is  unchanged,  a 
salt  not  being  formed  in  such  acid.  However,  already 
in  9^  acid,  as  can  be  judged  by  the  appearance  of  a 
band  with  a  maximum  at  380  mp,  some  of  the  mole¬ 
cules  of  the  base  in  solution  are  converted  into  mono- 
acid  salt  (Fig.  4,  curve  2). 

Further  increase  in  acid  concentration  leads  to 
accumulation  of  the  monoacid  salt  in  solution,  (Fig.  4, 
curves  3,4).  We  could  not  determine  its  structure  by 
comparison  with  the  two  Isomeric  quaternary  salts  of 
1-chlorophenazine  because  of  the  absence  of  1- 
chloro-9-methyl-phenazinium  perchlorate.  Synthesis 
of  this  salt  from  the  10 -oxide  of  1-chlorophenazine, 
in  spite  of  numerous  attempts,  was  not  achieved  be¬ 
cause,  of  the  two  isomeric  9-  and  10-oxides  of  1- 
chlorophenazine,  the  second  is  practically  unreac¬ 
tive  to  dimethyl  sulfate.  The  reason  for  this  is  evi¬ 
dently  the  volume  of  the  substituent  and  the  attrac¬ 
tion  to  it  of  electrons  from  nitrogen  atom  9. 

To  attach  a  proton  to  a  monoacid  salt  mole¬ 
cule  at  the  second  nitrogen  atom,  a  large  excess  of 
acid  is  necessary;  90^  acid  concentration  is  iiuuf- 
ficient.  Only  in  96^  acid  is  the  monosalt  converted 
into  disalt,  the  band  maximum  of  which  lies  at  412 
mp  (Fig.  4,  curve  5).  Such  a  band  is  evident  for 
1-chloro-lO-ethylphenazinium  perchlorate  in  con¬ 
centrated  sulfuric  ccid  (Fig,  4,  curve  7),  but  it  is 
slightly  displaced  t>\/ard  to  the  long-wave  side.  In 
the  case  of  isomeric  2-chlorophenazine  disalt  forma¬ 
tion  begins  under  milder  conditions,  even  on  reaction  with  4^o  acid  [1].  This  difference  can  be  explained  by  the  in¬ 
fluence  of  steric  hindrance  in  1-chlorophenazine  and  its  absence  in  2-chlorophenazine  where  only  electronic  influences 
are  evident  in  substituent  orientation. 

On  reacting  1-chlorophenazine  with  dimethyl  sulfate  we  obtained  only  one  isomer,  1-chloro-lO-methylphena- 
zinium  methyl  sulfate,  which  was  identified  by  the  compound  obtained  by  reducing  the  methyl  sulfate  of  1-chloro- 
10-methylphenaxinium  9-oxide  with  zinc  dust  in  water. 
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1-Phenylphenazine.  In  a  {devious  communication  [1]  it 
was  shown  that  a  group  in  the  2-po8ition  in  the  phenazine 
ring  attracts  electrons  from  nitrogen  atom  9  with  which  it  is 
coupled,  as  a  result  of  which  the  whole  spectrum  of  the  phenazine 
is  displaced  to  the  long-wave  side.  A  phenyl  group  in  the  l-posi- 
tion  in  a  similar  manner,  although  to  a  slightly  less  extent,  af¬ 
fects  nitrogen  atom  10.  This  effect  is  made  apparent  in  the  absorp¬ 
tion  bands  towards  the  long-wave  side  (Fig.  5,  curve  1);  they  lie 
at  252  mp,  €  63,000  and  356  mp,  c  13,100.  Besides  this,  a  new 
absorption  band  is  evident  as  a  recurvature  on  the  border  of  the 
visible  region  at  400  n^i,  c  4400  (Fig.  5,  curve  1). 

1-Phenylphenazine  in  acid  is  converted  into  the  mono-  and 
dlacid  salts.  In  acid  it  dissolves  readily,  giving  the  orange  colora¬ 
tion  pertaining  to  the  monoacid  salt  ion  (Fig.  6,  curve  2),  the 
band  maximum  of  which  lies  at  383  mp.  With  increase  in  acid 
concentration  monosalt  content  in  solution  increases;  at  the  same 
time,  the  monosalt  band  intensifies  and  the  band  of  the  base 
weakens  (Fig.  6,  curves  3,5). 


The  question  as  regards  to  which  of  the  two  nitrogen  atoms  in  the  phenazine  ring  [^otons  are  joined,  forming 
a  monoacid  salt,  is  decided  by  comparing  the  monosalt  curve  with  the  two  curves  of  the  isomeric  quaternary  salts 
of  1-phenylphenazine.  In  Fig.  6  (curves  3,5,6)  the  monoacid  salt  band  is  similar  to  the  absorption  band  of  1-phenyl- 
10-methylphenazinium  perchlorate  and  differs  from  the  absorption  band  of  the  second  isomeric  salt.  Accordingly, 
the  monoacid  salt  is  formed  by  protonation  of  nitrogen  atom  10.  Attachment  of  protons  to  nitrogen  atom  9  in  dilute 
sulfuric  acid  is  hindered  by  the  presence  of  the  bulky  phenyl  group  in  the  1 -position.  Its  shielding  effect  is  surmoun¬ 
ted  by  protons  in  high  concentration  of  the  latter.  In  96^o  acid  protons  combine  not  only  with  nitrogen  atom  10,  but 
also  with  nitrogen  atom  9.  A  diacid  salt  is  formed,  the  solution  of  which  has  a  dark -orange  color.  The  absorption 
maximum  of  the  diacid  salt  lies  at  415  mp ,  €  18,000  (Fig.  6  curve  4).  A  similar  band,  only  slightly  displaced  to 
the  long-wave  side,  occurs  for  the  quaternary  salt  of  1-phenylphenazine  dissolved  in  concentrated  sulfuric  acid 
(Fig.  6,  curve  7). 
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Sterlc  hindrance  on  the  part  of  the  C^Hs  group  in  1-phenylphenazine  and  Iti  Influence  on  the  wldidrawal  of 
electrons  from  nitrogen  atom  10  are  evident  in  the  conversion  reactions  of  the  9-  and  10-oxides  of  1-phenylphenazine 
into  the  isomeric  quaternary  salts  (A)  and  (B). 


CeHsO 

iYm 


+  (0113)2804 


CeH, 


I  |  +  (CH,),SO.  I  [  I  I 


0 

At  reaction  temperature  120-125*.  salt  (A)  is  formed  in  43^  yield.  Steric  hindrance  of  the  substituent  plays  no 
part  here;  attraction  of  electrons  from  nitrogen  atom  10  to  the  substituent  and  the  associated  weakening  of  the  basicity 
of  the  ring  do  not  allow  an  increase  in  the  yield  indicated.  Salt  (B)  is  not  formed  at  the  same  temperature.  If  the 
temperature  is  held  at  135-140*  for  20  minutes,  salt  (B)  is  formed  in  72^  yield.  Absence  of  combination  of  the  phenyl 
group  with  nitrogen  atom  9  favon  combination  of  the  methyl  group  with  it,  but  the  steric  proximity  of  the  substit¬ 
uent  prevents  this.  At  higher  temperature  this  hindrance  is  overcome, aid  a  satisfactory  yield  of  salt  (B)  is  obtained. 
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The  electron-accepting  properties  of  the  phenyl  group  as  a  substituent  in  the  phenazine  ring  cause  differing 
resistance  of  the  isomeric  quaternary  salts  of  1-phenylphenazine  to  alcoholysis.  The  salt  with  a  methyl  at  nitrogen  9, 
in  spite  of  the  strain  caused  by  the  steric  proximity  of  the  substituent,  is  quite  stable  and  does  not  undergo  alcoholy¬ 
sis  in  5  days.  The  isomeric  salt  widi  a  methyl  at  nitrogen  atom  10,  in  which  steric  hindrance  is  absent  but  attraction 
of  electrons  to  the  phenyl  group  takes  place,  is  nearly  28^  alcoholated  in  the  first  6  hours  and  after  10  hours,  38^. 

In  iFig.  7  is  shown  a  series  of  absorption  curves  portraying  the  gradual  conversion  over  a  period  of  time  of  1- phenyl- 
10-methylphenazinium  perchlorate  into  1-phenylphenazine  in  alcoholic  solution.  To  determine  the  degree  of  alcohol¬ 
ysis,  two  simultaneously  prepared  solutions  of  identical  concentration  (3'10~*  m/liter)  o'f  the  isomeric  quaternary  1- 
phenylphenazine  salts  were  examined  by  spectrophotometry  over  predetermined  intervals  of  time  in  that  band  of 
wavelengths  where  the  most  marked  changes  in  the  spectrum  during  alcoholysis  were  observed;  temperature  during 


the  time  indicated  remained  constant  (19.5*).  As  standards  for  comparison,  on  the  spectral  curves  we  chose  two  points 
at  one  place  on  the  wavelength  axis  and  two  points  at  another,  using  a  freshly  prepared  solution  of  1 -phenyl- 10 -methyl - 
phenazinium  perchlorate  (curve  1)  and  a  solution  of  1-phenylphenazine  (curve  6).  Optical  densities  were  read  at  253 
and  267  mM.  Over  the  period  of  time  indicated,  the  curve  of  l-phenyl-9-methylphenazinium  perchlorate  remained 
unchanged,  but  the  curve  of  1-phenyl-lO-methylphenazinium  perchlorate  approached  the  curve  of  1-phenylphenazine 
in  form  and  wavelength  position. 


Alcoholysis  of  1- Phenyl- 10-methylphenazinium  Perchlorate 


Time 

(hours) 

Readings  of  optical  densities  (D)  from  absorp¬ 
tion  curves 

%  found  in 
solution 

^  •  2.a 

AT 

^xx 

Ayx 

^yy 

^xy 

of  base 

of  qua¬ 
ternary 
salt 

readings  at  253  mp 

readings  at  267  mM 

0 

1.110 

0.820 

1.030 

0.60 

100 

2 

0.850 

1.110 

0.820 

1.02 

1.030 

0.60 

5.9 

94.1 

0.0304 

4 

0.900 

1.110 

0.820 

0.99 

1.030 

0.60 

17.1 

82.9 

0.0468 

6 

0.9HO 

1.110 

0.820 

0.97 

1.030 

0.60 

27.8 

72.1 

0.0546 

10 

1.090 

1.110 

0.820 

0.83 

1.030 

0.60 

37.7 

62.3 

0.0474 
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Data  on  the  measurements  and  calculation  of  the 
quantitative  proportions  in  solution  of  the  salt  and  base  and 
values  for  the  hydrolysis  constant  are  shown  in  the  table. 

EXPERIMENTAL 

1-Methylphenazine.  pale-yellow  needles'with  m.p. 

108*  (108*  [3]).  l-Chlorophenazine,  pale-yellow  needles 
with  m.p.  122-123*  (122-123*  [4]).  1-Methoxyphenazine, 
yellow  needles  with  m.p.  169*  (169*  [5J).  1-Phenylphenazine, 
yellow  needles  with  m.p.  157*  (157*  [6]). 

1.9- Dimethylphenazinium  perchlorate  was  prepared 
by  reducing  the  methyl  sulfate  of  the  10-oxide  of  1,9-di- 
methylphenazinium  with  zinc  dust  in  water  [7].  Dark-yellow 
plates  with  m.p.  199*,  temp,  of  decomp.  203*  (from  50% 
alcohol). 

Found  %;  N  9.02,  8.99.  C14H18O4N2CI.  Calculated  %; 

N  9.07. 

1.10- Dimethylphenazinium  perchlorate  was  prepared 
similarly  to  the  above  from  the  methyl  sulfate  of  the  9- 
oxide  of  1,10-dimethylphenazinium.  Yellow  needles  with 
m.p.  203-204*.  A  sample  mixed  with  1,9-dimethylphenazin- 
ium  perchlorate  melted  at  192*  (decomp.). 

Found  %:  N  9.07,  8.87*  Cl  11.58,  11.57.  Ci4llij04N*Cl. 
Calculated  %:  N  9.07;  Cl  11.51. 


Fig.  7. 


1-Chloro-lO-ethylphenazinium  perchlorate,  golden  plates  with  m.p.  248*.  The  sample  was  submitted  by  V.  P. 
Chernetskii.  Recrystallized  twice  from  50%  alcohol. 

Found  %;  N  8.02,  8.21;  Cl  20.92,  20.88.  Ci4Hi,04NjCl2.  Calculated  %;  N  8.16;  Cl  20.70. 

l-Phenyl-9-methylphenazinium  perchlorate,  brown  needles  with  m.p.  180*,  temp,  of  decomp.  195-196*  (m.p. 
180,  temp,  of  decomp.  195-196*  [6]).  1- Phenyl- 10 -methylphenazinlum  perchlorate,  brownish-yellow  needles  with 
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m.p.  214*,  temp,  of  decomp.  217*  (m.p,  214*,  temp,  of  decomp.  217*  [6]). 

1-Methoxy-  10-ethylphenaztnium  perchlorate.  2.24  g  of  10-ethylphenazlnone-l  was  dissolved  In  100  ml  of  dry 
benzene,  5  ml  of  neutral  dimethyl  sulfate  added,  and  boiled  on  an  oil  bath  for  1  hour.  The  color  of  the  solution 
gradually  changed  to  dark  red.  The  precipitate  of  quaternary  salt  after  cooling  was  filtered  and  washed  with  benzene 
and  ether.  Yield  was  3.33  g  (95^o).  The  salt  was  dissolved  In  15  ml  of  alcohol  and  precipitated  as  the  perchlorate.  The 
sample  after  crystallization  from  50*70  alcohol  formed  small  shining  yellow  needles  with  m.p.  256*  (decomp.). 

Found  *70;  N  8.02,  8.14.  CigHi^sNiCl.  Calculated  %  n  8.27. 

1-Methoxy- 9-ethylphenazlnium  perchlorate,  brown  plates  with  a  metallic  luster.  The  sample  was  prepared  from 
the  ethyl  sulfate  of  the  10-oxide  of  l-methoxy-9-ethylphenazinium  by  reduction  with  zinc  dust  in  water  with  a  yield 
of  M.p.  248*  (decomp.).  A  sample  mixed  with  1-methoxy-lO-ethylphenazinium  perchlorate  had  m.p.  237*  (de¬ 
comp.  237-240*). 

Found  *70;  N  8.15,  8.31.  CjsHi^sNjCl.  Calculated  *7o:  N  8.27. 

SUMMA  RY 

Using  the  spectrophotometric  method  of  analysis,  the  processes  in  the  formation  of  the  mono-  and  diacid  salts 
of  1-methyl-,  1-chloro-,  1-methoxy-,  and  1-phenylphenazines  were  studied;  absorption  spectra  were  determined  for 
the  quaternary  and  acid  salts  of  the  bases  indicated.  The  alcoholysis  constant  was  calculated  for  the  rather  unstable 
salt  1 -phenyl- lO-methylphenazinium  perchlorate.  It  was  shown  that  in  the  case  of  a -substituents  of  phenazine,  proto - 
nation  (and  alkyl  addition)  proceeds  via  the  nitrogen  atom  free  of  the  shielding  effect  of  the  substituent. 
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VII.  CATALYSTS  IN  THE  ISOMERIZATION  OF  DICHLOROBENZENES 

A.  A.  Spryskov  and  Yu.  G.  Erykalov 
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Translated  from  Zhurnal  Obshchel  Khimii.Vol.  31,  No.  1, 
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Original  article  submitted  January  1,  1960 


We  have  previously  [1,7]  described  experiments  on  the  isomerization  of  the  dichlorobenzenes  at  temperatures 
from  100  to  180*C  in  the  presence  of  aluminum  chloride.  Recently  a  series  of  patents  have  appeared  in  which  various 
conditions  for  carrying  out  the  process  in  the  presence  of  aluminum  chloride  are  proposed  [2,4-6].  In  addition  to  those 
mentioned,  attention  is  also  drawn  to  the  work  in  which  is  described  isomerization  at  temperatures  above  172",  i.e., 
at  increased  pressure  [3]. 

In  the  present  communication,  experiments  using  other  compounds  as  catalysts  are  described,  experiments 
using  mixtures  of  them  with  aluminum  chloride,  and  experiments  studying  the  catalytic  activity  of  various  samples 
of  aluminum  chloride. 


EXPERIMENTAL 

Catalysts  for  isomerization  of  p-dichlorobenzene  were  investigated.  The  latter,  together  with  the  simple  and 
complex  catalysts  investigated,  was  heated  in  a  sealed  ampoule  in  a  thermostat  at  160"  for  15  hours.  The  reaction 
mixture  was  then  treated  with  water,  the  product  separated,  dried,  distilled  in  vacuo,  and  analyzed  for  ptara- isomer 
content  by  the  thermal  method  [8]. 

The  first  series  of  experiments,  carried  out  with  0.1  mole  of  catalyst  to  1  mole  of  dichlorobenzene,  showed 
that  AiP),  BjOs,  MgS04,  BiClj,  ZnClj,  NiClj,  HgClj,  SnClj,  PbClj,  and  poly  phosphoric  acid  do  not  catalyze  the 
process,  p-dichlorobenzene  remaining  unchanged  after  the  experiment.  Under  the  same  conditions  with  A1C18, 

17.37o  of  the  p-dichlorobenzene  reacts,  and  with  AlCl2*HS04,  4*7o. 

In  Table  1  are  shown  the  results  of  experiments  using  mixtures  of  0.1  mole  of  aluminum  chloride  with  other 
compounds  also  used  in  the  proportion  of  0.1  mole  to  1  mole  of  p-dichlorobenzene. 

The  results  of  this  series  of  experiments  in  adding  various  oxides  showed  that  V2O5,  WO3,  and  PjOs  lower  the 
rate  of  isomerization.  Oxides  of  Mo,  B,  Hg,  Be,  Ca,  Cu,  Fe,  and  Al,  although  they  can  act  as  catalysts  in  the  presence 
of  AlClg,  show  a  weaker  action  than  the  same  additional  amount  of  Aids;  finally,  oxides  of  Cr,  Zn,  Ti.  and 
Mg  mixed  with  AlCls  act  more  effectively  than  AlCls. 

The  results  obtained  in  a  series  of  experiments  in  adding  metallic  chlorides  showed  that  the  chlorides  of  Sn, 

Na,  Pb,  Bl,  and  Cu  lower  the  activity  of  AlCls;  the  chlorides  of  Ni,  Ca,  and  Zn,  and  also  polyphosphoric  and  sulfuric 
(0.04  mole)  acids  increase  the  reaction  rate  somewhat,  but  to  a  lesser  degree  than  introduction  of  a  further  0.1  mole 
of  aluminum  chloride;  and  finally,  that  mercuric  chloride  and  0.01  mole  of  sulfuric  acid  significantly  increase  AlCls 
activity. 

In  the  experiments  described,  magnesium  oxide  and  0.01  mole  of  sulfuric  acid  as  the  additive  showed  the 
greatest  activity.  This  induced  us  to  investigate  magnesium  sulfate  as  an  additive,  this  being  catalyst  of  even  greater 
activity  (tfie  last  experiment.  Table  1). 

In  the  second  series  of  experiments  the  action  of  various  mixtures  of  aluminum  chloride  and  magnesium  sulfate 
was  studied.  For  1  mole  of  p-dichlorobenzene ,0.1  mole  of  AlCls  and  various  amounts  of  MgS04  were  used.  The  mix¬ 
tures  were  heated  for  5  hours  at  160". 


TABLE  1.  The  Action  of  Two -Component  Catalysts  on  the 
Isomerization  of  p-Dichlorobenzene 


rTc 

WgBjt 

Catalyst 

Catalyst 

AICI3  +  VjOs 

3.3 

Aids  -1-  SnClo 
Aids  -1-  NaCf 

0.6 

AlCla-f  WO3 

6.1 

4.8 

Aids  +  P2O5 

11.7 

Alda  +  PbCl, 

7.2 

AlCla  (0.1  iP.ole) 

17.5 

Alda  -1-  Bida 

12.8 

AICI3  4-  MoO, 

20.7 

AlCla-l-Cud 

13.7 

AICI3  4-B20, 

22.8 

Aids  (0.1  mole) 

17.5 

AlCh+  HgO 

23.2 

Alds  +  NICl, 

22.4 

AlCIs  -l-  BeO 

24.4 

Alds-fCaCIa 

22.9 

AlCla-f  CaO 
AICI3  4-  CuO 

24.9 

Aids  ZnCIa 

25.4 

37.9 

Aids  -1-  H2SO4 

26.6 

AICI3  -f  Fe203 

40.7 

(0.04  molel 
Alds-l-PPA* 

AICI3  +  AI2O3 

41.0 

36.5 

AICI3  (0.2  mole) 
AIC<l3  -|-  Cr203 

43.6 

Aids  (0.2  mole) 

43.6 

49.8 

Alds+Hgda 

52.0 

AlCla  +  ZnO 

51.4 

AlCla  -f  H2SO4 

59.0 

AlCIs  +  TiOa 

.59.3 

(O.Oi  mole) 

AlGIg-i-  MgO 

60.2 

Aids  4-  MgS04 

67.9 

•  PPA^polyphosphoric  acid. 


TABLE  2.  Results  of  Sublimation  and  Iso¬ 
merization  of  p-Dichlorobenzene  with 
0.1  mole  of  AICI3  at  160*  for  15  hours 


Fig.  1.  Effect  of  amount  of  MgS04  on 
isomerization  of  p-dichlorobenzene. 

The  results  of  the  experiments.  {Mresented  in 
Fig.  1,  show  that  the  most  effective  action  is  obtained 
by  using  a  mixture  containing  0.025-0.03  mole  of 
MgS04  and  0.1  mole  of  AICI3.  In  another  series  of 
experiments  the  amount  of  MgS04  was  kept  constant 


and  equal  to  0.025  mole,  but  the  amount  of  aluminum 
chloride  was  increased  from  0.01  to  0.2  mole.  The  experiments 
showed  that  reaction  rate  increases  steadily  with  increase  in  amount 
of  AlClj. 


Aids 

•I0  p-Di- 

AICI3  sample 

sublimed 

chloro¬ 

benzene 

isomerized 

GOST  4452-48 

98.7 

5 

VTU  3500-52 
After  p^longed 

98.6 

96.7 

95.5 

10 

storage 

28 

30 

ft 

87.0 

1 

33 

TABLE  3.  Isomerization  of  p-Dichloroben- 
zene  with  0.1  mole  of  AICI3,  type  GOST 
4452-48 


Time  ampoule 
with  AICI3  rC" 
mained  open 

Change  in  ; 
weight  of 
Aids  (ing) 

^  p-Dichloro- 
benzene  iso¬ 
merized 

0 

4.3 

30  minutes 

4-0.0008 

7.3 

2  hours 

4-0.0005 

8.4 

24  hours 

4-0.0008 

29.4 

72hours 

—0.0003 

41.2 

It  was  also  noticed  that  the  catalytic  activity  of  aluminum 
chloride  depends  on  its  degree  of  purity,  period  and  conditions  of 
storage.  It  is  known  that  only  absolutely  pure  AICI3  sublimes  wiA- 
out  leaving  a  residue  [9].  We  selected  a  weighed  amount  of  AICI3 
and  sublimed  it.  AICI3  content  of  the  sample  under  investigation 
was  estimated  from  the  residue  remaining  after  sublimation.  This 
method  gave  reproducible  results.  Thus,  in  five  determination  of 
the  one  sample,  values  of  from  98.5  to  99^  were  obtained  for  the 
sublimed  product. 

We  investigated  the  catalytic  activity  and  degree  of  purity 
by  sublimation  of  a  number  of  samples  of  aluminum  chloride  of 
different  types  and  storage  time.  The  results  of  the  experiments, 
given  in  Table  2,  show  that  the  purer  the  aluminum  chloride  (ac¬ 
cording  to  the  results  of  sublimation),  the  less  its  activity.  A  speci¬ 
men  of  the  hnt  sample  (GOST  4462-48)  was  sublimed  by  us  into 
a  reaction  tube,  and  the  reaction  carried  out  on  the  sublimate. 

5.4^  of  the  p-dichlorobenzene  isomerized,  i.e.,  AIQ3  activity 
remained  low. 

We  conjectured  that  AIQ3  activity  changes  according  to  the 
change  in  its  constitution  on  storage.  To  investigate  this  the  fol¬ 
lowing  experiments  were  carried  out.  A  weighed  sample  (about 
0.4  g)  of  AIQ3  was  placed  in  an  ampoule  and  left  open.  After  ex¬ 
posure  to  the  atmosphere,  p-dichlorobenzene  was  introduced;  the 
ampoule  was  sealed  and  heated  at  160*  for  15  hours.  Results  of  the 


experiments  given  in  Table  3  show  that  after  storage  in  air  aluminum  chloride  activity  increases. 


In  the  literature  [9]  many  instances  are  described  where  addition  of  water  activates  aluminum  chl(»ide.  In  the 
experiments  carried  out  by  us  on  isomerization  with  addition  of  water  to  the  reaction  mixture,  increase  in  reaction 
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TABLE  4.  Isomerization  of  p-Dichlorobenzene  In  the  Presence 
of  0.1  mole  of  A1C1|,  to  which  has  been  Added  Water  and 
from  which  Hydrogen  Chloride  has  been  Removed 


Moles  of  vv 
water  used 
mole  of 

HQ  re¬ 
quired  to 
here-, 
moved 
(In  g) 

HCl  actual¬ 
ly  removed 
(in  g) 

HCl  given 
off  after 
heayng  (in 

p-Dlchloro- 
benzene  iso- 
merlzed 

0 

_ 

_ 

_ 

2.5 

0.048 

0.0028 

0.0024 

0.0025 

12.0 

0.186 

0.0182 

0.0182 

0.0132 

27.6 

0.241 

0.0280 

0.0298 

0.0129 

25.5 

0.470 

0.0395 

0.0.397 

0.0404 

25.5 

0.620 

0.0669 

0.0674 

0.0323 

28.0 

0.90 

0.0837 

0.0717* 

0.0403 

0 

1.32 

0.1573 

0.1168* 

0.0507 

0 

*  Evolution  of  hydrogen  chloride  lasted  for  2.5  months. 
TABLE  5.  Isomerization  of  Dichlorobenzene  at  200*  in  the 


Fig.  2.  Influence  of  a  series  of  factrm  on  the 
isomerization  of  p-dichlorobenzen  (0.1-0 
mole  of  AICI3,  0-0.1  mole  of  AI1P3  per  mole 
of  p-dichlorobenzene;  temperature  160").  1) 
0.025  mole  of  MgS04  mole  of  p-dichloro¬ 
benzene,  time  2  hours;  2)  without  MgS04, 
time  15  hours. 


Presence  of  AlCls,  Al|Os.  and  MgS04 


Heating  time 

Constitutiqr 

tion  (in  *7 

(hours) 

Isomer 

ortho- 

para- 


0.5 


10 


ortho - 

para- 

meta- 

ortho- 

para- 

meta- 

ortho- 

para- 

meta- 

ortho- 

para- 

meta- 

ortho- 

para- 

meta- 

ortho- 

para- 

meta- 


70.7 
4.6 

11.8 

60.7 

4.2 

12.2 

45.4 

4.5 

,33.8 

11.1 

12.2 

19.7 

12.3 

11.8 

20.3 

12.3 
16.8 


7.6 

91.8 

8.0 

10.3 

80.3 

12.0 

17.4 

66.8 

21.4 

22.6 

43.6 

29.3 

27.4 

33.1 

30.7 

27.1 

31.5 

30.1 


meta- 


21.7 

3.6 
80.2 

29.0 

1.5.5 

75.8 

37.2 
2S.7 

43.6 
4.5.3 

58.5 

52.9 
,54.6 

57.5 

52.2 

56.2 
53.1 


rate  was  also  observed,  but  we  were  unable  to  estab¬ 
lish  any  regular  relationship  between  rate  and  the 
amount  of  water  introduced,  evidently  because  water 
accelerates  the  reaction  and  the  hydrogen  chloride 
evolved  retards  it  [7].  To  remove  the  latter,  the 
ampoule  of  aluminum  chloride  and  water  was  stop¬ 
pered,  left  open  in  a  vacuum  desiccator  for  24  hours, 
and  stored  for  a  considerable  time  over  solid  caustic 
potash  at  50-55*.  After  removal  of  hydrogen  chloride, 
p-dichlorobenzene  was  added  according  to  the  loss 
in  weight  (allowing  for  1  mole  of  HCl  per  1  mole  of 
water),  and  the  ampoule  heated  at  160*  for  5  hours. 
The  results  of  the  experiments,  presented  in  Table  4, 
show  that  after  removal  of  hydrogen  chloride,catalyst 
activity  increases  with  increase  in  water  added,  is 
then  maintained  at  a  certain  level,  and  finally  falls 
to  zero.  A  further  experiment,  carried  out  with  addi¬ 
tion  of  dry  aluminum  hydroxide  to  the  AICI3,  showed 
that  catalyst  activity  does  not  increase  as  a  result  of 
this  addition. 


Thus,  the  exj)eriments  show  that  increase  in  aluminum  chloride  activity  resulting  from  addition  of  water  or  the 
use  of  AICI3  that  has  been  in  contact  with  the  atmosphere  is  explained  by  the  formation  of  aluminum  oxide  in  the 
mixture.  To  determine  the  optimum  ratio  of  AlCls  to  AI2O3,  a  series  of  experiments  was  carried  out  in  which  total 
AICI3  and  AI2O3  amounted  to  0.1  mole  per  1  mole  of  p-dichlorobenzene  and,  besides  that,  0.025  mole  of  magnesium 
sulfate.  The  results  of  the  experiments,  given  in  Fig.  2,  show  that  1/ 4  of  the  AICI3  can  be  successfully  by  aluminum 
oxide. 


From  all  the  above  information  it  follows  that  isomerization  of  dichlorobenzene  can  be  carried  out  with  a  con¬ 
siderably  less  amount  of  aluminum  chloride  than  was  used  previously  [1,7],  and  at  a  greater  rate.  This  is  achieved  by 
partial  replacement  of  aluminum  chloride  by  its  oxide,  by  addition  of  magnesium  sulfate,  and  by  elevating  isomeriza 
tion  temperature.  The  latter  proved  possible  because  on  using  a  mixture  of  AICI3  +  MgS04  no  residual  pressure  arises 
in  the  ampoule  after  carrying  out  the  reaction  and  subsequent  cooling.  Resinification  products  in  this  case  also  are 
almost  completely  absent. 

Thus,  a  series  of  experiments  is  presented  dealing  with  the  Isomerization  of  dichlorobenzene  at  200*  with  a 
catalyst  consisting  of  AICI3  ;  A1]P3  :  MgS04  =  0.05  :  0.0125;  0.0125  mole  per  mole  of  dichlorobenzene.  The  results 
of  the  experiments,  given  in  Table  5,  show  that  under  these  conditions  a  state  close  to  equilibrium  can  be  reached 
in  less  ftan  8  hours. 
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SUMMA  RY 


1.  27  different  metallic  oxides,  their  chlorides,  and  other  substances  were  tried  as  catalysts  in  the  isomeriza¬ 
tion  of  dichlorobenzenes.  It  was  found  that  as  an  additive  to  the  aluminum  chloride  magnesium  sulfate  possesses  the 
greatest  activity. 

2.  The  activity  of  various  sampies  of  aluminum  chloride  was  studied.  It  was  found  that  die  pure  reagent  possesses 
little  activity.  Addition  of  water,  leading  to  the  formation  of  aluminum  oxide,  markedly  increases  aluminum  chloride 
activity. 

3.  An  effective  catalyst,  consisting  of  A1C1|.  Al^i.  and  MgSO^.b  suggested. 
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In  the  literature  are  described  several  related  polypeptide  antibiotics,  all  belonging  to  the  polymyxin  group. 

To  them  belong  in  the  first  Instance,  strictly,  polymyxins  A,  Bj,  Bj,  C,  D,  E  [1].  Polymyxins  are  effective  against  a 
whole  series  of  gram-negative  bacteria, and  what  is  particularly  important,  they  depress  the  growth  of  the  blue-sup¬ 
purative  bacillus  Pseudomonas  pyocyanea,  which  is  stable  toward  the  majority  of  other  antibiotics.  Polymyxins  B  and 
E  have  found  practical  use.  To  the  polymyxin  group  are  closely  related  also  circullns  A  and  B  [2-4],  polypeptins  A 
and  B  [5],  cholistins  A,  B,  and  C  [6-7],  and  chollmycln  [8-9].  Chemical  investigation  of  the  antibiotics  of  this  group 
has  shown  that  they  all  have  certain  characteristic  features  in  common:  1)  all  are  polypeptides;  2)  all  contain  diamino- 
butyric  acid,  threonine,  and  an  aliphatic  acid;  3)  all  possess  a  basic  character  and  do  not  contain  free  carboxyl  or  a- 
amlno  groups. 

The  most  closely  investigated  have  been  polymyxins  B  [10-13]  and  circulin  A  [14],  for  which  the  sequence  of 
the  amino  acids  in  the  molecule  has  been  established  and  a  cyclopeptide  structure  demonstrated.  Polymyxins  A,  C, 
and  E  have  received  less  study. 

In  1946,  a  strain  of  the  polymyxin- forming  Bacillus  polymyxa  Ross,  was  isolated  from  Moscow  soils  by  S. 
Rossovskii  [15].  A  method  for  isolation  and  purification  of  this  antibiotic  using  ionites  was  developed  by  A.  S.  Khokhlov, 
S.  M.  Mamiofe,  and  Z.  T.  Sinitsina  [16].  Preparatory  study  of  the  chemical  and  biological  properties  of  this  native 
polymyxin  carried  out  at  the  All-Union  Scientific  Research  Antibiotic  Institute  and  in  the  Protein  and  Antibiotics 
Chemistry  Laboratory  of  the  Faculty  of  Chemistry  at  Moscow  State  University  showed  that  it  is  a  new  polymyxin  vari¬ 
ant,  to  which  was  given  the  name  polymyxin  M  [17]. 

Amino  acid  constitution  and  certain  properties  of  polymyxin  antibiotics  so  far  described  are  given  in  Table  1. 

In  this  work  the  results  are  given  of  electrophoretical  Investigations  of  polymyxin  M,  determinations  of  its 
amino  acid  constitution,  and  end  group  analysis. 

Polymyxin  M  investigation  by  paper  electrophoresis  was  carried  out  in  buffer  solutions  over  the  pH  interval  2.0 
t®  9.8.  In  every  case,  polymyxin  M  gave  one  spot  moving  to  the  cathode.  Rate  of  movement  decreases  noticeably 
with  increase  in  pH  of  the  buffer,  but  even  at  pH  9.8  is  not  equal  to  zero.  From  this  data  it  follows  that  polymyxin  M 
Is  an  electrophoretlcally  homogeneous  substance,  possessing  clearly  defined  basic  properties.  The  electrophoretical 
behavior  of  polymyxin  B  was  studied  in  parallel.  It  was  shown  that  both  antibiotics  are  very  similar  In  electrical 
properties  (Table  2). 

The  qualitative  amino  acid  constitution  of  polymyxin  M  was  studied  using  distributive  paper  chromatography 
in  five  solvent  systems.  The  following  amino  acids  were  used  as  standards: arginine,  lycine,  ornithine,  a,  y  -dlamino- 
butyric  acid,  glycine,  alanine,  serine,  threonine,  homoserine,  leucine,  norleucine,  isoleucine,  phenylalanine,  prollne, 
asparaginic  and  glutaminic  acids.  As  a  result,  it  was  established  that  a,  y  -diaminobutyrlc  acid,  threonine,  and  leu¬ 
cine  enter  into  the  constitution  of  polymyxin  M  (Table  3). 

These  data  were  confirmed  by  two-dimensional  chromatography  of  the  polymyxin  hydrolyzate  carried  out  in 
turn  in  the  systems  methanol— water -pyridine  (40:10:2)  and  butanol-1— methyl  ethyl  ketone— water— dlethylamlne 
(20:20:10:2),  and  by  preparative  isolation  of  amino  acids  from  die  polymyxin  hydrolyzate.  Separation  of  diamino- 
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TABLE  1.  Amino  Acid  Constitution  of  Known  Polymyxin  Antibotict 


Name  of 
antibiotic 


Note: 


Source 


Polymyxin  A 

Polymyxin 

Polymyxin  B| 

Polymyxin  C 

Polymyxin  D 

Polymyxin  E 

Circulin  A 
and  B 

Chollstin  A .  B 
and  C 

Polyp^tin  A 
and  B 

Cholimycin 


Amino  acids 


BaelHus 

AeroMporus 


B.  Poly- 
myxa 


B.  eirctt- 
lan$ 

B.  coUit- 
Inui 

B.  krzemin- 
iewtki 

B.  collstl- 
nus 


1293 

1220 

1150| 

1500 


© 

bL-\-iD\ 
bL  +  W 


© 

6L 

bL 

3D 

4 


© 

2L 

2L 

© 

3L 

© 

2L 

\L 

IL 

1 


© 

1 

1 

e 

\D 

D 

\D 

ID  +  lLl 
2L 
1 


e 

e 

e 

0 

e 

0 

IL 

0 

1 

0 


Aliphatic  acid 


6  -  Methyloctanoic 
IsopelarRooic 
|C,-Acid 

,  © 

|6  -  Methylocunoic 

The  same 

»  » 


© 

© 


1.  The  figures  in  the  columns  indicate  die  number  of  corresponding  amino  acid 
residues  in  the  antibiotics  shown. 

2.  The  signs  ®  and  ©  indicate  the  presence  or  absence  of  the  given  amino  acid  or 
unknown  aliphatic  acid  residue  in  the  case  of  antibiotics  whose  quantitative  constitu¬ 
tion  has  not  been  established. 


TABLE  2.  Electrophoresis  of  Polymyxin  M 


pH 

Current 
strength(be- 
^nning-end] 
(ma  per  cm 
of  zone 
widthl 

Duration 
of  expt. 

(hr)  . 

Distance  to  spot  (cm) 
of  polymyxin 

Mobility  of  polymyxin  * 

•  10"^  (cm*v"*sec"*) 

M 

B 

a 

B 

2.00 

0.1 -0.1 

2.00 

6.5 

7.5 

1.13 

1.3 

3.00 

0.18—0.24 

2.75 

8.5 

8.5 

1.30 

1.30 

4.50 

0.17—0.20 

3.00 

7.6 

7.3 

0.88 

0.84 

7.00 

0.31—0.58 

3.(X) 

5.7 

5.5 

0.6 

0.64 

8.60 

0.08—0.08 

3.00 

2.1 

2.1 

0.24 

0.24 

9.85 

0.12—0.18 

3.00 

0.3 

0.3 

0.034 

0.034 

butyric  acid  from  neutral  amino  acids  was  carried  out  on  sulfopolystyrene  cationite  KU-2  in  H+  form.  The  neutral 
arniiio  acids  were  washed  from  the  cationite  with  Sf7o  pyridine,  and  2.^  ammonia  u.ed  for  eluting  the  diaminobutyric 
acid.  Threonine  and  leucine  were  then  separated  by  distributive  chromatography  on  a  column  of  powdered  paper. 

The  amino  acids  isolated  were  characterized  by  paper  chromatography  in  several  systems  and  by  analysis  of  elements. 

An  aliphatic  acid  was  isolated  from  the  ethereal  extract  of  the  polymyxin  M  hydrdyzate.  From  paper  chromato¬ 
graphy  in  die  system  butanol- 1— ammonia  (1.5  N)  this  acid  occupies  a  position  corresponding  to  an  aliphatic  acid 
with  8-10  carbon  atoms.  In  its  properties  and  from  analysis  of  elements  the  p-bromobenzylthiouronic  salt  obtained 
by  us  from  the  acid  under  investigation  corresponds  to  the  salt  of  6 -methyloctanoic  acid.  These  data  indicate  dut  in¬ 
to  the  composition  of  polymyxin  M  enters  an  aliphatic  acid  near  to,  or  possibly  identical  to,  6-methyloctanoic  acid. 


TABLE  3.  Chromatography  of  Hydrolyzate  of  Polymyxin  M 


R^  value 

Name  of  amino  acid 

n-butanol  —  water 
^  acetic  acid  (4  t 

n-butanol  —  water 
-  acetic  acid 

"standard" 

5:1) 

(49.6  :  49.5  :  1) 

standards 

hydroly- 

standards 

hydroly- 

standards 

hydroly- 

zate 

1 

zate 

zate 

a,  y  -Diaminobutyrlc 

acid 

0.47 

0.47 

0.16 

0.16 

0.27 

0.27 

Ornithine 

1.07 

0.18 

Glutamlnlc  acid 

1.00 

0.26 

Threonine 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

Homoserine 

0.90 

2.30 

Norleucine 

2.40 

Isoleucine 

2.22 

2.20 

7.40 

Leucine 

2.30 

7.40 

7.40 

7.80 

7.80 

Phenylalanine 

2.20 

7.40 

Note.  Lycine,  arginine,  serine,  glycine,  alanine,  proline,  and  asparaginic  acid  were 
also  used  as  "standards”,  but  are  not  included  in  the  table  because  in  the  solvent  sys 
terns  shown  their  Rth  values  differed  considerably  from  Rth  for  the  amino  acids  of 
the  polymyxin  M  hydrolyzate. 


To  determine  the  free  amino  groups,  by  whose  presence  is  explained  polymyxin’s  basic  properties,  we  used  the 
method  of  Sanger  [18].  On  treating  polymyxin  M  with  excess  1-fluoro-l,  4 -dinitrobenzene  in  aqueous  acetone  solu¬ 
tion  in  the  presence  of  triethylamine,  dinltrophenylpolymyxin  M  was  obtained.  According  to  the  data  of  paper  electro 
phoresis,  DNP*  -polymyxin  M  did  not  contain  any  trace  of  polymyxin.  DNP-polymyxin  was  subjected  to  hydrolysis 
by  heating  with  a  mixture  of  glacial  acetic,  85%  formic,  and  concentrated  hydrochloric  acids  (1:1:2)  in  a  sealed 
ampoule  for  14  hours  at  105*.  By  paper  chromatography  it  was  established  that  the  DNP-polymyxin  M  hydrolyzate 
contains  y -DNP-diaminobutyric  acid  and  free  amino  acids:  diaminobutyrlc  acid,  threonine,  and  leucine:  No  ot- 
DNP-amino  acids  were  found  in  the  hydrolyzate.  Thus,  the  y  -amino  groups  of  a,  y  -diaminobutyrlc  acid  are  the  free 
groups  of  polymyxin  M.  There  are  no  free  ct-amlno  groups  in  its  molecule. 

The  presence  in  the  DNP-polymyxin  M  hydrolyzate  of  an  unsubstituted  diaminobutyrlc  acid  deserves  special 
attention.  By  a  special  experiment  it  was  shown  that  it  could  not  be  formed  in  the  course  of  DNP-polymyxin  hydroly¬ 
sis  at  the  expense  of  y  -DNP-diaminobutyric  acid  decomposition.  It  was  thus  established  that  at  least  one  molecule 
of  a,  y  -diaminobutyrlc  acid  participates  in  formation  of  amide  linkages  not  only  of  the  a-  but  also  of  the  y  -amino 
group,  and  as  a  result  of  this  is  not  subjected  to  dinitrophenylation.  It  is  possible  that  in  polymyxin  M,branching  of 
the  peptide  chain  occurs  with  participation  of  one  of  the  amine  groups  of  a,  y  -diaminobutyric  acid,  similar  to  that 
occurring  in  polymyxin  B. 


The  electrophoretlcal  behavior  of  polymyxin  M  and  its  DNP  derivative  indicate  the  presence  in  it  of  free  car¬ 
boxyl  groups.  To  confirm  this  an  attempt  was  made  to  detect  C-terminal  amino  acids  in  the  polymyxin,  using  the 
method  of  Akabori  [19].  The  polymyxin  was  subjected  to  rupture  by  heating  with  anhydrous  hydrazine.  After  removal 
of  excess  hydrazine  and  extraction  of  amino  acid  hydrazides  with  eiiathol,  the  aqueous  layer  was  investigated  chroma 
tographically.  In  this  instance  no  free  amino  acids  were  detected  in  it,  this  pointing  to  the  absence  in  polymyxin  M 
of  carboxyl  groups. 


The  results  of  end-group  determination  indicate  that  polymyxin  M,  similarly  to  other  antibiotics  of  this  group, 
has  a  cyclopeptide  structure. 

Thus,  the  antibiotic  investigated  by  us  in  its  constitution  and  basic  chemical  properties  is  a  typical  representa¬ 
tive  of  the  antibiotic-polymyxin  group. 


EXPERIMENTAL 

Polymyxin  M.  The  study  of  its  chemical  properties  was  carried  out  on  a  sample  of  the  sulfate  of  polymyxin  M 
$-717  (VNIIA)  with  activity  10,000unlts/mg,  this  being  a  slightly  yellowish  powder,  readily  soluble  in  water,  less 


Here  and  henceforth  the  abbreviation  DNP  is  used  for  dinitrophenyl. 


so  In  methanol  and  other  alcohols,  insoluble  in  hydrocarbons,  ketones,  and  esters.  M.p.  224-228”  (decomp.),  [ct]^)** 
-48.1*  (c  2.505,  HP).  Polymyxin  M  gives  positive  ninhydrin  and  Biuret  reactions  The  ratio  of  a- 

amino  nitrogen  (determined  by  the  Van  Slyke  method  in  an  loanisiani  apparatus  [20])  to  total  nitrogen  (by  the 
Kjeldahl  method)  was  equal  to  0.48.* 

Electrophoresis.  Polymyxins  B  and  M  were  subjected  to  paper  electrophoresis  in  the  apparatus  described  by 
Durham  [22].  As  electrolytes,  buffer  solutions  of  the  following  composition  were  used;  a)  pH  2  •  ^  acetic  acid;  b) 
pH  3i0  :  37.5  ml  2  M  HCOOH,  20.0  ml  IM  NHpH,  942.6  ml  water;  c)  pH  4.5  ;  14.7  ml  2M  CHpCXlH,  20.0  ml  1  M 
NHpH,  965.3  ml  water;  d)  pH  7.0 ;  26  ml  2M  CHPOOH,  50  ml  1  M  NHpH,  924  ml  water;  e)  pH  8.6  t  50  ml  0.1  M 
NaHCOa,  9  ml  0.1  N  NaoH,  531  ml  water;  0  pH  9.85  ;  0.01  M  Na,CX)j. 

Onto  a  strip  of  paper  impregnated  with  the  corresponding  buffer  were  introduced  solutions  of  polymyxins  B  and 
M  (10  mg  in  1  ml)  in  amounts  of  5  m  1  at  each  point.  On  completion  of  the  experiment,  the  strips  were  dried  and 
developed  with  ninhydrin.  The  mobility  of  the  antibiotics  (without  allowance  for  osmosis)  was  calculated  from  the 
formula; 

d  •  I 

where;  u  is  mobility,  in  cm**v“**sec  d  is  distance  covered  by  substance  on  passage  to  cathode,  in  centimeters;  I 
is  length  of  paper  strips  between  surfaces  of  electrolyte  in  electrode  vessels,  in  centimeters  (in  every  case  I  =27.5 
cm);  t^  is  duration  of  experiment,in  seconds;  E  is  voltage,  in  volts  (a  storage  battery  of  voltage  220  v  was  used). 

Results  of  mobility  determinations  are  given  in  Table  2. 

Hydrolysis  of  Polymyxin  M.  A  solution  of  50  mg  of  polymyxin  M  sulfate  in  5  ml  of  6  N  hydrochloric  acid  was 
heated  in  a  sealed  ampoule  for  24  hours  at  105-108”.  Hydrochloric  acid  was  removed  by  repeated  distillation  in 
vacuo  with  water;  the  residue  was  dissolved  in  1  ml  of  85^  formic  acid  and  thb  solution  used  for  chromatography. 

Chromatography  of  Hydrolyzate.  To  identify  the  amino  acids  of  the  hydrolyzate  one -dimensional  chromato¬ 
graphy  (descending  method)  was  used  chiefly.  In  some  cases  to  improve  separation  the  solvent  was  allowed  to  drain 
from  the  lower  edge  of  the  sheet.  On  to  a  sheet  of  chromatographic  paper  (Type  "V*  of  Volodarskii  Leningrad  factory) 
was  applied  5  pi  of  hydrolyzate  and  amino  acid  "standard”  solutions  (10  mg  in  1  ml).  Chromatography  was  carried 
out  in  the  following  solvent  systems;  1)  butanol-1— water— acetic  acid  (4;5;1);  2)  butanol-1— water— acetic  acid  (49.5; 
49.5;1);  3)  phenol  saturated  with  citrate -phosphate  buffer  (6.3  °lo  sodiumcitrate  +  3.fIo  KHJPO4);  4)  tert  -butyl  alco¬ 
hol-methyl  ethyl  ketone— SSVo  formic  acid— water  (160;160;1;30);  5)  butanol -1— acetic  acid— water  (144;13;43). 

To  develop  the  dried  chromatograms  they  were  place  in  0.5%  ninhydrin  solution  in  acetone,  and  were  then  held 
at  room  temperature  until  the  color  developed  fully.  The  results  obtained  are  given  in  Table  3.  The  possibility  of 
the  presence  of  leucine  and  isoleucine  in  the  polymyxin  M  hydrolyzate  was  checked  in  systems  4  and  5,  and  Rth** 
for  leucine  was  3.66  and  4.0,  and  for  the  corresponding  hydrolyzate  spot  3.66  and  4.1.  The  value  of  for  Isoleucine 
in  these  solvent  systems  equalled  3.40  and  3.30  respectively.  Identification  of  phenylalanine  was  carried  out  by  Ae 
method  of  Pasieka  and  Morgan  [23]. 

Preparative  Isolation  of  Amino  Acids  from  Polymyxin  M  Hydrolyzate.  Hydrolysis  of  Polymyxin  M.  5  g  of  poly¬ 
myxin  M  hydrochloride  ("impure  raw  material"***)  was  dissolved  50  ml  of  6N  hydrochloric  acid  and  heated  in  a 
sealed  ampoule  for  24  hours  at  106-108”.  After  removal  of  aliphatic  acid  by  ether  extraction,  the  hydrolyzate  was 
concentrated  in  vacuo.  Excess  hydrochloric  acid  was  removed  by  distillation  widi  several  amounts  of  water.  The  dark 
oily  residue  was  dissolved  in  water  and  boiled  with  0.5  g  of  animal  charcoal.  The  charcoal  was  filtered  off  and  washed 
several  times  with  hot  water.  The  filtrate  and  wash  water  were  united  and  concei.trated  in  vacuo.  A  light-yellow  oil 
was  formed. 


*It  should  be  noted  that  this  value  is  anomalously  large;  however,  a  similar  high  value  for  a-amino  nitrogen,  deter¬ 
mined  by  the  Van  Slyke  method,  was  also  observed  for  other  antibiotics  of  this  group  (polymyxin  D  [21]  and  circulin 
[3]). 

**  Rth■^-x/^h~  *^/x^^/th.*  '^here  Ljj  is  the  distance  covered  by  the  unknown  amino  acid;  Ljjj  is  the  distance  covered 
by  threonine. 

***In  view  of  the  lack  of  pure  antibiotic,  for  isolation  of  amino  acids  a  sample  of  polymyxin  raw  material  was  used, 
ccxitaining  a  considerable  amount  of  impurities. 


Isolation  of  a,  y  -Dlamlnobutyric  Acid  from  Neutral  Amino  Acids.  The  amino  acid  mixture  obtai{\ed  was  dis- 
solve/  in  50  ml  of  distilled  water  and  the  solution  passed  through  two  columns  (60  X  2.5cm)  cationite  KU-2  in  H+ 
form,  25  ml  into  each,  at  the  rate  of  15  ml  per  hour.  The  solution  flowing  out  showed  a  negative  ninhydrin  reaction. 
The  columns  were  washed  with  distilled  water  and  then  through  them  was  passed  a  5^  aqueous  pyridine  solution.  20- 
to25-ml  fractions  were  collected.  The  fractions  showing  a  positive  ninhydrin  reaction  were  analyzed  chromatographi- 
cally  in  system  1.  They  contained  threonine,  leucine,  and  traces  of  a  substance  with  0.75,  1.23,  and  2.0,*  but 
contained  no  a,  y  -diaminobutyric  acid.  The  eluates  were  united  and  concentrated  in  vacuo.  1.138  g  of  amino  acid 
mixture  was  obtained. 

Isolation  of  a,  y  -Diaminobutyric  Acid.  On  completion  of  elution  of  neutral  amino  acids  (negative  ninhydrin 
reaction)  the  column  was  washed  with  2.^  aqueous  ammonia.  The  fractions  containing  a,  y  -diaminobutyric  acid 
were  united  and  concentrated  in  vacuo.  The  oil  obtained  was  adjusted  with  dilute  hydrochloric  acid  to  pH  2  and  ct,y  - 
diaminobutyric  acid  dihydrochloride  precipitated  from  solution  by  a  volume  of  anhydrous  alcohol  5  times  as  great 
as  the  solution.  The  precipitate  was  dissolved  in  water  and  boiled  with  animal  charcoal.  The  a,  y  -diaminobutyric 
acid  dihydrochloride  isolated  from  solution  was  twice  recrystallized  from  an  aqueous  solution  of  anhydrous  alcohol. 

0.66  g  of  chromatographically  pure  a,  y  -diaminobutyric  acid  was  obtained. 

Found  %  c  24.44,  24.38;  H  5.90,  6.05;  N  14.78,  14.79.  C4ll,iOjN2Cl2.  Calculated  C  24.44;  H  6.28;  N  14.71. 

Separation  of  Threonine  and  Leucine  Mixture.  The  amino  acids  were  separated  on  a  column  (2.5 x  65'cm)  filled 
with  powdered  paper  prepared  in  the  following  manner.  10  sheets  of  chromatographic  paper  (52  x  65  cm)  were  wetted 
with  distilled  water,  torn  to  pieces,  drenched  with  5  liters  of  5%  nitric  acid,  and  boiled  for  10  minutes.  The  mass  of 
paper  obtained  was  washed  with  distilled  water  until  universal  indicator  gave  a  neutral  reaction,  dried  in  a  drying 
oven  at  110-120®,  ground  in  a  ball  mill  and  sifted  through  a  0.25  mm  mesh  sieve.  The  homogeneous  powder  obtained 
was  drenched  with  the  upper  layer  of  the  system  butanol-1— water -acetic  acid  (4:5;1)  and  the  suspension  formed 
transferred  to  the  column.  The  solvent  was  passed  through  the  column  under  low  pressure  for  24  hours,  then  a  solu¬ 
tion  of  1.132  g  of  amino  acid  mixture  carefully  poured  onto  the  wet  surface  of  the  mass  of  paper,  and  the  solvent 
passed  tlirough  the  column  at  the  rate  of  15  ml/hour.  Fractions  of  4-5  ml  were  collected.  The  fractions  were  analyzed 
chromatographically  in  system  1.  Fractions  containing  only  one  amino  acid  (threonine  or  leucine  respectively)  were 
united  and  concentrated  in  vacuo.  The  mixed  fractions  were  discarded.  0.222  g  of  unpurified  leucine  and  0.558  g 
of  threonine  were  obtained.  The  amino  acids  isolated  were  purified  by  boiling  their  solutions  with  animal  charcoal 
and  by  reprecipitating  twice  from  the  water  by  alcohol.  0.205  g  of  chromatographically  pure  threonine  and  0.170  g 
of  leucine  were  obtained. 

Found  %  c  40.42,  40.31;  H  7.91,  7.76;  N  11.50,  11.36.  C^IljPjN.  Calculated  %  C  40.30;  H  7.56;  N  11.70. 

Found  °h:  C  54.48  ,  54.62;  H  10.04,  10.16;  N  11.14,  11.24.  C«Hu02N.  Calculated  °lo:  C  54.9;  H  10.2;  N  10.6. 

Isolation  of  Aliphatic  Acid.  An  etheral  extract  of  the  hydro lyzate  of  5  g  of  polymyxin  M  was  frozen  in  a  mix¬ 
ture  of  dry  ice  and  acetone  to  remove  water,  and  the  ether  was  then  distilled  off.  We  obtained  223.4  mg  of  a  dark- 
brown  oil. 

Preparation  of  p-Bromobenzylthiouronate  of  the  Aliphatic  Acid.  To  170  mg  of  unpurified  aliphatic  acid  was 
added  a  IN  caustic  potash  solution  until  a  bright-red  color  was  obtained  with  phenolphthalein,  and  then  0.5  g  of 
p-bromobenzyl  bromide  dissolved  in  hot  alcohol.  The  precipitate  settling  out  was  filtered  off  and  dried  in  vacuo 
over  sulfuric  acid.  257  mg  of  unpurified  p-bromobenzylthiouronate  was  obtained.  The  p-bromobenzylthiouronate 
obtained  was  recrystallized  twice  from  96%  alcohol.  M.p.  158®.  The  following  melting  points  were  noted  for  the  p- 
bromobenzylthiouronates  of  the  aliphatic  acids  isolated  from  polymyxins  A,  B,  and  D:  159,  160,  158-158.5®  re¬ 
spectively. 

Found  %:  C  50.38,  50.27;  H  6.97;  6.79;  N  6.93  ,  7.02.  Ci7H280feN2SBr.  Calculated  %  C  50.60;  H  6.70;  N  7.00. 

Chromatography  of  the  Aliphatic  Acid. Chromatography  was  carried  out  according  to  the  method  proposed  by 
Reid  [24].  Chromatographic  p)aper  was  kept  in  an  atmosphere  of  ammonia  for  4-5  hours.  Then,  onto  points  3  cm  away 
from  each  other  were  placed  solutions  of  the  ammonium  salts  of  the  acid  under  investigation  and  of  caprylic  and 
pelargonic  acids.  As  the  mobile  phase,  butanol- 1  saturated  with  1.5  N  ammonia  was  chosen.  The  chromatograms  were 
air-dried  and  developed  in  one  of  two  ways,  a)  The  chromatogram  was  sprayed  with  a  0.04%  bromocresol  purple  sol¬ 
ution,  diluted  with  5  volumes  of  formalin,  and  kept  for  several  minutes  in  an  atmosphere  of  3%  ammonia.  The  acids 
appeared  as  yellow  spots  on  a  violet  background,  b)  The  chromatogram  was  placed  for  3-5  minutes  in  a  1%  lead 

•  Pure  samples  of  preparations  of  polymyxin  M  did  not  contain  these  substances,  hence  we  did  not  attempt  their 
identification. 
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acetate  solution,  carefully  washed  with  distilled  water  and  again  alr-drled.  The  dried  chromatogram  was  treated 
with  hydrogen  sulfide  [25].  The  acids  appeared  as  dark-brown  spots  on  a  white  background.  Values  for  found  were: 
for  pelargonlc  acid  0.74,  for  capryllc  0.67,  for  the  aliphatic  acid  isolated  from  the  polymyxin Mhydrolyzate  0.74. 

Preparation  of  DNP-Mymyxin  M.  To  a  solution  of  0.1  g  of  polymyxin  M  In  0.6  ml  of  water  were  added  0.6 
ml  of  acetone  and  0.1  ml  of  triethylamlne,  and  then  0.23  g  of  l-fluoro-2,4-dlnlttobenzene  added  dropwise.  The  mix¬ 
ture  was  stirred  for  1  hour  at  room  temperature  and  held  at  40*  In  a  thermostat  for  a  further  hour.  The  orange  preci¬ 
pitate  of  DNP-polymyxin  separating  out  was  filtered  off,  washed  with  ether,  and  air-dried.  Completeness  of  dinitio- 
phenylatlon  was  controlled  by  paper  electrophoresis  in  30^  acetic  acid  and  in  a  0.1  M  sodium  carbonate  solution 
(pH  9.8).  In  both  cases  DNP-polymyxin  gave  only  one  yellow  spot,  situated  at  the  Introduction  point.  After  develop¬ 
ment  with  ninhydrln  no  other  spots  were  observed.  0.1018  g  of  DNP-polymyxin  was  obtained.  M.p.  214-218*  (decomp.). 

Found  %  C  43.42,  43.70;  H  6.06,  5.68;  N  16.21,  16.16. 

DNP-polymyxin  is  a  yellow  powder  insoluble  in  water,  alcohols,  edier,  and  the  majority  of  organic  solvents, 
poorly  soluble  in  acetone,  more  readily  so  in  acetic  and  formic  acids. 

Hydrolysis  of  DNP- Polymyxin.  To  33.3  mg  of  DNP-polymyxin  were  added  2  ml  each  of  glacial  acetic  and  83lo 
formic  acids,  and  4  ml  of  concentrated  hydrochloric  acid.  The  mixture  was  heated  in  a  sealed  ampoule  for  4  hours 
at  106*.  The  hydrolyzate  was  concentrated  in  vacuo;  excess  hydrochloric  acid  was  removed  by  distillation  with 
several  amounts  of  water.  The  dry  residue  was  dissolved  In  5  ml  of  water  and  extracted  with  ether  and  ethyl  acetate. 
The  ethereal  and  ethyl  acetate  fractions  were  concentrated  and  analyzed  by  paper  chromatography  in  the  system 
tert-amyl  alcohol— biphthalate  buffer  (pH  6). 

In  the  ethereal  fraction  no  dinltrophenylamino  acids  were  observed;  the  ethyl  acetate  fraction  contained  y- 
DNP-dlamlnobutyric  acid.  To  the  aqueous  layer  was  added  an  equal  volume  of  concentrated  hydrochloric  acid  and 
hydrolysis  continued  for  a  further  10  hours.  The  residue  obtained  after  concentrating  the  hydrolyzate  In  vacuo  was 
dissolved  In  10  ml  of  water  and  extracted  with  butanol- 1.  The  aqueous  and  butanol  layers  were  analyzed  by  paper 
chromatography.  Chromatography  of  the  butanol  layer  was  carried  out  in  the  system  tert  -amyl  alcohol— biphthal¬ 
ate  buffer  (pH  6).  Only  one  yellow  spot  was  observed,  coinciding  with  y  -DNP-dlamlnobutyric  acid,  used  as  a  stand¬ 
ard.  The  aqueous  layer  was  chromatographed  in  system  1.  After  chromatogram  development  with  ninhydrln  solution, 
ot,  y -dlamlnobutyric  acid,  threonine,  and  leucine  were  observed. 

Control  Hydrolysis  of  y  -DNP-dlamlnobutyric  Acid.  14.3  mg  of  y  -DNP-dlamlnobutyric  acid  was  dissolved  In 
a  mixture  consisting  of  1  ml  of  glacial  acetic  acid,  1  ml  of  8S^  formic  acid,  and  1  ml  of  water.  To  the  resulting 
solution  was  added  3  ml  of  concentrated  hydrochloric  acid  and  the  mixture  heated  in  a  sealed  ampoule  for  14  hours 
at  106*.  The  residue  obtained  after  distilling  off  water  and  hydrochloric  acid  In  vacuo  was  dissolved  in  formic  acid 
and  investigated  chromatographically  in  the  system  butanol-1— water— acetic  acid  (4:5;1).  After  developing  with 
ninhydrln,  on  the  chromatogram  only  one  spot  was  observed,  corresponding  to  y  -DNP-dlamlnobutyric  acid. 

Detection  of  Possible  Carboxyl  Groups  in  Polymyxin  M  [26].  12.3  mg  of  polymyxin  M  was  dissolved  In  1  ml  of 
anhydrous  hydrazine  and  the  solution  heated  in  a  sealed  ampoule  at  100*  for  6  hours.  The  solution  was  concentrated 
and  the  dry  residue  dissolved  in  2  ml  of  water.  The  solution  was  extracted  twice  with  0.5-ml  amounts  of  enanthol. 

The  aqueous  layer  was  concentrated  to  minimum  volume  and  analyzed  by  paper  chromatography  In  the  system  n- 
butanol  -  water  -  acetic  acid  (4:5:  1).  On  the  chromatogram  no  spots  were  observed  corresponding  to  the  position 
of  the  amino  acids  entering  into  the  constitution  of  polymyxin  M,  or  of  any  other  amino  acids. 

SUMMA  RY 

1.  The  behavior  of  polymyxin  M  on  paper  electrophoresis  was  investigated, and  it  was  shown  that  polymyxin  M 
possesses  the  properties  of  a  strong  base  and  is  electrophoretically  a  homogeneous  substance. 

2.  The  qualitative  constitution  of  polymyxin  M  was  studied.  It  was  established  that  It  consists  of  residues  of 
a,  y  -dlamlnobutyric  acid,  threonine,  leucine,  and  an  aliphatic  acid.  It  was  shown  that  polymyxin  M  differs  In  Its 
amino  acid  constitution  from  polymyxins  B,  C,  and  D,  described  previously. 

3.  It  was  established  that  the  basic  nature  of  this  antibiotic  is  caused  by  the  presence  in  the  molecule  of  free 
amino  groups,  these  being  the  y  -  groups  of  a,  y  -dlamlnobutyric  acid.  It  was  shown  that  one  of  these  a,  y  -dlamlno¬ 
butyric  acid  residues  has  no  free  functional  groups  and  participates  in  the  formation  of  peptide  linkages  not  only  of 
the  a-  but  also  of  the  y  -amine  group. 
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4.  It  was  established  that  In  the  polymyxin  M  molecule  there  are  no  free  a-amine  or  carboxyl  groups.  This  is 
evidence  that  polymyxin  M  has  a  cyclopeptide  structure. 
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Study  of  the  relationship  between  the  structure  and  biological  activity  of  a  series  of  natural  compounds— cou- 
marins  and  furocoumarins~has  brought  aboutia  series  of  interesting  conclusions  regarding  the  influence  of  various 
substituents  (hydroxy,  alkoxy,  and  alkyl  groups)  and  of  double  bonds  on  the  activity  of  these  compounds  [1-5].  If 
the  anticancerous  properties  of  furocoumarins  are  being  considered,  it  is  of  interest  to  jvepare  derivatives  of  these 
compounds  with  electropositive  substituents  in  the  furan  ring  and,  in  particular,  amino  derivatives  whose  salts  would 
be  water-soluble. 

The  present  communication  is  devoted  to  the  synthesis  of  an  amino  derivative  of  a  natural  furocoumarln  , 
pieucedanin  (4*-methoxy-5'-iso|)ropylfuro-2*,3*,6,7-coumarin),  which  possesses  antitumorous  activity  [6].  Peucedanln 
is  obtained  from  the  roots  of  the  Russian  brlmstonewort  (Peucedanum  ruthenicum  L.),  family  Umbelliferae. 

We  achieved  the  synthesis  of  the  amino  derivative  by  saponification  of  p>eucedanin  (I)  into  oreozelone  (II  b), 
oximation  of  the  latter  and  reduction  of  the  oxime  (III)  with  zinc  dust  to  the  amine  (IV). 
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Saponification  of  peucedanin  was  carried  out  with  hydrochloric  acid  in  alcoholic  solution  by  the  method  descri¬ 
bed  in  [7]  and  proceeded  with  theoretical  yield  of  oreozelone.  Preparation  of  the  ketone  at  this  stage  was  explained 
by  p)eucedanin’s  being  a  methyl  ether  of  the  enol  form  of  oreozelone  (Ha)  [7],  the  formation  of  which  is  conjectured 
during  the  biochemical  processes  of  the  plant.  Single-stage  attempts  at  synthesis  of  p)eucedanin  by  methylation  of 
oreozelone  with  methyl  iodide,  dimethyl  sulfate,  and  diazomethane  have  been  unr  iccessful  until  recently  and  have 
led  to  the  formation  of  an  isomer.  Only  lately  has  this  synthesis  been  successfully  a  thieved,  by  heating  oreozelone 
with  a  solution  of  aluminum  chloride  in  anhydrous  methanol  [8], 


We  carried  out  oximation  of  oreozelone  (II  b)  in  a  neutral  medium,  using  excess  hydroxylamine  hydrochloride. 
The  reaction  was  accompanied  by  development  of  a  green  coloration  in  the  solution.  Reduction  of  the  oxime  was 
carried  out  with  zinc  dust  in  a  mixture  of  acetic  and  hydrochloric  acids.  Use  of  catalytic  hydrogenation  or  reduction 
with  sodium  amalgam  was  excluded  in  this  case  because  of  the  ptossibility  of  hydrogenating  the  double  bond  in  the 
lactone  ring. 
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The  resulting  amine  In  alcoholic  solution  exhibited  intense  blue  fluorescence,  disappearing  on  acidification. 

An  aqueous  solution  of  the  nitrate  prepared  from  the  amine  gave  characteristic  reactions  with  alkaloid  reagents;  on 
rendering  It  alkaline  with  ammonia,  a  base  precipitated,  readily  soluble  in  acids.  The  base  was  also  soluble  in  caustic 
alkaline  solutions,  giving  an  intense  yellow  coltv  explained  by  opening  of  the  lactone  ring.  On  acidification  of  such  a 
solution  the  original  base  could  not  be  obtained. 

To  characterize  the  products  we  examined  their  ultraviolet  absorption  spectra. 


Xjuji 


Ultraviolet  absorption  sp)ectra.  1)  Pcucedanin;  2)  oreoze- 
lone;  3)  oreozelone  oxime;  4)  4’-amino-5’-isopropylfuro- 
2*,  3*,  6,7-coumarin. 

200-202°  (decomp.),  readily  soluble  in  the  usual  organic  sc 
Found  ‘7n;  C  64.90,  65.06;  H  5.20,  5.09;  N  5.52,  5.59, 


EXPERIMENTAL 

Oreozelone.  To  a  saturated  solution  of  peucedanin 
in  alcohol  was  added  a  tenfold  excess  of  concentrated 
hydrochloric  acid  and  the  mixture  heated  on  a  water  bath 
for  20-30  minutes.  The  viscous,  white  product  was  diluted 
with  water  (1:2),  the  liquid  drawn  off,  and  the  residue 
washed  with  water  and  alcohol.  M.p.  177°  (from  alcohol). 
Colorless,  acicular  crystals,  readily  soluble  in  chloroform, 
ether,  and  caustic  alkaline  solutions;  insoluble  in  water. 

Found  %  C  69.05,  69.20;  H  4.80,  5.01.  Ci4Hii04. 
Calculated  %  C  68.85;  H  4.95. 

Xmax  220,  251,  296,  306,  351  mp. 

Oreozelone  Oxime.  1,0  g  of  oreozelone  and  1.2  g 
of  hydroxy  lam  ine  hydrochloride  in  2  ml  of  water  were 
boiled  with  20  ml  of  alcohol  for  1.5  hours.  During  boiling, 
10^0  caustic  soda  solution  was  added  in  small  amounts  to 
the  liquid  so  that  the  mixture  remained  weakly  acidic  to 
litmus.  On  completion  of  oximation  the  liquid  was  diluted 
with  water  (1:2)  and  the  oxime  extracted  with  ether. 

After  removal  of  ether,  the  yellow-green  residue  was 
recrystallized  from  alcohol.  Colorless  crystals  with  m.p. 
Ivents  and  insoluble  in  water.  Yield  0.8208  g  (77.4^o). 

CuHi304N.  Calculated C  64.86;  H  5.01;  N  5.40. 


222,  256,  314,  350  mM. 

Reduction  of  Oreozelone  Oxime.  22.7  g  of  oxime  was  dissolved  in  60  ml  of  glacial  acetic  acid,  100  ml  of 
water  added,  10  ml  of  30^o  hydrochloric  acid,  30  g  of  zinc  dust,  and  the  mixture  heated  for  4  hours  on  a  water  bath 
in  a  flask  fitted  with  reflux  condenser  and  stirrer.  The  liquid  was  filtered,  made  alkaline  with  25*/o  ammonia  solution 
and  the  amino  derivative  extracted  with  chloroform.  From  the  united  chloroform  extracts  the  amino  derivative  was 
extracted  initially  with  lO^o  and  then  with  5%  sulfuric  acid  solution.  The  acidic  solutions  were  made  alkaline  with 
soda  and  the  amino  derivative  again  extracted  with  chloroform.  After  solvent  distillation,  7.13  g  (34*70)  of  a  green¬ 
ish-yellow  resin  was  obtained,  readily  soluble  in  acetone,  chloroform,  less  so  in  alcohol,  ether,  and  acids,  and  insolu*- 
ble  in  water. 

Nitrate  of  the  Amino  Derivative.  To  a  cooled  solution  of  the  substance  in  ethyl  acetate, concentrated  nitric  acid 
was  added  dropwise  until  an  acidic  reaction  to  litmus  was  shown.  The  precipitate  appearing  after  24  hours  was  filtered 
off,  washed  widi  ethyl  acetate, and  recrystallized  from  methanol.  About  5  g  of  yellowish,  acicular  crystals  was  obtained 
with  m.p.  202. 5°,  readily  soluble  in  water,  less  so  in  methanol,and  insoluble  in  organic  solvents. 

Found  %  C  54.95,  54.82;  H  5.32,  5.40;  N  9.32,  9.20.  Ci^isOjN-HNOs.  Calculated  %  C  54.54;  H  5.19;  N  9.09. 

Xmax  247,  258,  298,  327  m^i. 

4*-Amino-5*-isopropylfuro-2*,  3*,  6,7-coumarin.  An  aqueous  solution  of  the  nitrate  of  the  amine  was  made 
alkaline  with  10*7o  ammonia  solution  and  the  base  obtained  extracted  with  chloroform.  After  solvent  distillation  and 
repeated  recrystallization  from  ether  and  benzene,  yellowish,  acicular  crystals  were  obtained  with  m.p.  151°,  soluble 
in  alcohol,  ether,  and  chloroform,  less  so  in  benzene,  and  insoluble  in  water. 
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Found  %  C  68.91.  69.10;  H  6.24,  6.33;  N  5.37,  5.82.  Ci^^igOsN.  Calculated  %  C  68.57;  H  6.12;  N  5,71. 


SUMMARY 

Synthesis  was  achieved  of  N -containing  derivatives  of  a  natural  furocoumarin  peucedanln,  and  of  oreozelone 
oxime  and  its  corresponding  amine. 
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cover  English  translations  appears  at  the  back  of  this  issue. 
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ESTABLISHMENT  OF  THE  STRUCTURE  OF  SOPHORADINE 
AND  LEONTINE 


F.  Rulko  and  N.  F.  Proskurnina 

S.  Ordzhonikidze  All-Union  Scientific  Research  Chemlcopharmaceutical  Institute 

Translated  from  Zhurnal  Obshchei  Khlmll,  Vol.  31,  No.  1, 

pp.  308-313, January,  1961 

Original  article  submitted  November  20,  1959 


From  the  middle  Asian  plant  Sophora  alopecuroides  L.,A.  P.  Orekhov  and  co-workers  isolated  a  series  of  alkaloids, 
the  main  one  of  which  (quantitatively)  was  sophoradine  [1].  The  molecular  formula  C^5H2gON2  was  attributed  to  it. 

In  spite  of  attempts  to  split  the  molecule  of  sophoradine  by  the  procedures  of  Hoffman  and  of  Brown,  and  also 
by  the  aid  of  tlie  Grignard  reaction,  no  positive  result  of  any  kind  was  obtained;  the  structure  of  sophoradine  remained 
moot  until  recently  [2]. 

Initiating  the  investigation  of  sophoradine,  we  at  first  tried  to  establish  in  it  the  presence  of  double  bonds,  the 
existence  of  which  in  sophoradine  one  could  assume  as  a  consequence  of  its  extreme  susceptibility  to  oxidation  (it 
instantly  decolorizes  acid  permanganate  solution).  The  unsaturated  character  of  sophoradine  is  also  indicated  by  a 
pxKitive  reaction  with  tetranitromethane.  However,  all  attempts  to  obtain  by  oxidation  of  sophoradine  any  kind  of 
characteristic  product  of  breakdown  failed.*  The  presence  in  sophoradine  of  a  double  bond  could  not  be  confirmed 
even  by  catalytic  hydrogenation  (according  to  Adams,  and  with  Raney  nickel). 

By  reduction  of  sophoradine  with  lithium  aluminum  hydride  there  was  obtained  a  deoxygenated  crystalline  base 
of  composition  CisHasN^. 

The  inactive  character  of  the  atom  of  oxygen,  as  well  as  the  absence  of  basic  properties  in  one  of  the  nitrogen 
atoms  of  sophoradine,  allows  one  to  assume  in  it  the  presence  of  a  lactam  group;  this  is  completely  confirmed  both 
by  the  infrared  absorption  spectra  (characteristic  band  at  1630  cm"^)  and  by  its  susceptibility  to  hydrolysis. 

Sophoradine,  in  contrast  to  matrine,  is  with  difficulty  saponified  by  caustic  potash.  But  by  boiling  it  with  hydro- 
bromic  acid  there  is  obtained  a  hydrobromide  salt  of  an  amino  acid  of  composition  Ci5H24N(  =  NH)  (~CX)OH)»2HBr. 
Depending  on  the  conditions  of  hydrolysis,  there  is  obtained  in  addition  to  the  primary  product  a  small  amount  of  a 
by-product— too  small  an  amount  to  investigate  in  greater  detail. 

The  amino  acid  obtained  from  sophoradine  possesses  a  very  great  tendency  to  reclose  the  lactam  ring,  and  at¬ 
tempts  to  isolate  it  in  free  form  were  not  successful.  Also,  even  attempts  to  esterify  sophoradinic  acid  and  its  hydro¬ 
bromide  salt  led  to  closure  of  the  lactam  ring  and  to  isolation  of  the  original  sophoradine. 

On  the  basis  of  the  compnasition  of  the  derivative  of  sophoradine  described  above,  its  molecular  formula  should 
be  taken  to  be  Ci5H2^N2  instead  of  the  earlier  accepted  C15H26ON2,  from  which  it  follows  that  sophoradine  is  an  iso¬ 
mer  of  matrine. 

Considering  that  the  alkaloids  accompanying  sophoradine  are  sophocarpine  and  sophoramine,  which  contain  the 
matrine  skeleton  [3],  it  was  to  be  expected  that  sophoradine  should  also  belong  to  the  group  of  alkaloids  with  the  ring 
system  of  matrine,  and  that  it  is  probably  a  spatial  isomer  differentiated  by  the  configuration  of  one  or  several  asymme¬ 
tric  carbon  atoms. 

Therefore,  it  was  of  great  interest  to  carry  out  the  dehydrogenation  of  sophoradine  under  the  conditions  described 
by  Kondo  and  Tsuda  for  matrine  [4].  In  the  molecule  of  matrine  this  reaction  forms  double  bonds  in  positions  Ci7~C5, 
C^—Cf,  Cii— C12,  Cis— Cj,  and  an  optically  inactive  octadehydromatrine  is  obtained;  the  lactam  group  of  matrine 
remains  unchanged. 


•  Susceptibility  to  oxidation  by  potassium  p>ermanganate  is  also  observed  in  the  case  of  matrine,  although  to  a  some¬ 
what  smaller  degree. 
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We  failed  to  isolate  the  octadehydro  product  of  sophoradine  by  dehydrogenation  under  the 
conditions  stated  by  the  Japanese  chemists  for  matrine.  These  conditions  appeared  to  be  too  harsh 
for  sophoradine.  The  very  small  yield  (the  product  of  the  reaction  was  detected  only  by  paper 
chromatography)  forced  us  to  change  the  conditions  of  the  reaction.  After  conducting  a  series 
of  experiments,  we  established  that  lowering  the  temperature  of  the  reaction  to  280-300*, 
shortening  the  period  of  reaction  to  30  minutes,  and  admitting  nitrogen  creates  milder  conditions; 
thanks  to  this  we  succeeded  in  isolating  an  optically  inactive  product  of  dehydrogenation  with 
composition  CJ5H15ON2.  The  properties  of  this  octadehydrosophoradlne  and  also  its  ultraviolet 
and  infrared  absorption  spectra*  point  to  its  identity  with  octadehydromatrine.  This  is  also  con¬ 
firmed  by  the  absence  of  a  depression  of  the  melting  point  of  a  mixture  of  a  sample  of  octade¬ 
hydromatrine  obtained  by  us  and  the  octadehydrosophoradlne.* * 

Starting  from  these  data,  one  should  reach  the  conclusion  that  basically  sophoradine  has  the  matrine  nucleus, 
and  that  it  is  a  spatial  isomer  of  matrine  and  consequently  contains  the  lactam  group  in  the  same  position. 

At  present,  the  literature  contains  knowledge  of  another  spatial  isomer  of  matrine  which  was  obtained  by 
Ochial,  Okuda  and  Minato  during  hydrogenation  of  matrine  in  glacial  acetic  acid  with  a  platinum  catalyst  [5].  Along 
with  the  product  of  reduction,  the  Japanese  chemists  obtained  a  base  of  composition  CjsHtPNj,  named  allomatrine, 
which  is  a  spatial  isomer  of  matrine. 

On  examination  of  the  properties  of  allomatrine,  our  attention  was  drawn  to  the  similarity  of  this  base  to  the 
alkaloid  leontine,  as  is  clear  from  the  table. 


[“Id 

of  base 

Melting  point 

Alkaloid 

base 

pic-  1 
rate 

hydro - 
cnloride 

Allomatrine  | 

cc 

lor,— i(r,o 
(103— lO.'))* 

177° 

(177) 

— 

Leontine  | 

Racemate,  obtained 
by  mixture  of  allo¬ 
matrine  with  leon¬ 
tine 

—78.0  1 
(-78.2) 
±0 

106-108 

(1()7_10.S) 

86—87 

177 

(177) 

219—220° 

*In  the  parentheses  are  cited  the  constants  found  in  the  litera¬ 
ture  [5,6]. 


Leontine, C15H24ON2,  first  isolated  in  1932  by  A.  P.  Orekhov  and  R.  A.  Konovalova  from  the  plant  Leontice 
Ewersmani  BGE  [6],  subsequently  was  investigated  by  Platonova  and  Kuzovkov  [7],  who,  on  the  basis  of  a  comparison 
of  the  products  of  reduction  of  leontine  and  matrine,  established  the  affiliation  of  leontine  to  the  matrine  series; 
they  explained  the  difference  of  these  bases  as  due  to  the  different  position  of  the  carbonyl  group  In  their  molecules, 
and  suggested  for  leontine  three  possible  formulas. 

By  dehydrogenation  of  leontine  under  conditions  analogous  to  those  employed  by  us  for  the  dehydrogenation 
of  matrine  and  sophoradine,  there  was  obtained  a  product  of  the  dehydrogenation  of  leontine  identical  to  octadehydro¬ 
matrine;  thus  it  is  necessary  to  consider  leontine  to  be  a  diastereoisomer  of  matrine,  i.e.,  an  optical  antipode  of 
allomatrine.  For  confirmation  of  this,  we  obtained  a  racemate  by  mixture  of  leon  ine  with  allomatrine.  The  crystal¬ 
line  hydrochloride  of  the  racemate  melts  at  219-220“  (optically  active  allomatrinj  and  leontine  do  not  form  crystal¬ 
line  hydrochlorides).  The  infrared  spectra  of  these  bases  confirm  their  identity  (see  figure). 

Our  Investigations  have  shown  that  the  already  known  allomatrine,  its  antipode  leontine,  and  sophoradine  are 
all  spatial  isomers  of  matrine. 

1653  cm-‘  (C  =  0)  and  1517  cm’*  (C=C)  in  Nujol;  (log  c);  232  (4.023),  298-272  (3.87).  394-398 

(4.024).  Literature  data  [4]:  1647  cm’*  (C  =  0)  and  1518  cm’*  (C  =  C)  in  KBr;  \  mM  (log  €):  230  (4.39), 

270  (4.05).  3.95  (4.22). 

**  Employing  our  conditions  of  dehydrogenation  in  an  experiment  with  matrine  we  achieved  a  significantly  better 
yield  than  was  reported  by  Kondo  and  Tsuda  [4]  for  this  same  reaction. 


Found  loi  C  41.80,  42.11;  H  6.60,  6.35;  N  6.53,  6.53;  Br  36.42,  36.61.  CigHjeOiNj  •  2HBr. 

Calculated  %  C  42.06;  H  6.59;  N  6.54;  Br  37.32. 

From  the  mother  liquor  was  separated  0.1  g  of  a  substance  with  m.p.  236-238*. 

The  reduction  of  sophoradine  by  lithium  aluminum  hydride.  A  solution  of  8  g  of  sophoradine  (m.p.  109-110*) 
in  500  ml  of  absolute  ether  was  boiled  for  5  hours  with  4  g  of  LiAlH^.  The  solution  was  evaporated  to  100  ml,  and 
to  the  remainder  was  carefully  added  10-15  ml  of  water.  The  ether  layer  was  separated,  and  the  water  layer  was 
extracted  with  ether.  From  the  combined  ether  extracts  there  was  obtained  5.6  g  of  a  greasy  substance.  Purification 
of  the  substance  was  carried  out  by  distillation  in  vacuo  at  110-134*  (0.1  mm).  The  hydrochloride  of  the  product  of 
reduction  was  obtained,  with  m.p.  298-301*  (from  anhydrous  alcohol)  [a]p— 28.6*  (c  3.61,  anhydrous  alcohol). 

Found  °h.  c  52.45,  52.61;  H  9.29,  9.21;  N  8.16,  8.15;  Cl  20.75,  20.61.  C,5H*Nj-2HCl-2Hp.  Calculated  %. 

C  52.47;  H  9.39;  N  8.15;  Cl  20.65. 

The  base  isolated  from  the  hydrochloride  of  the  product  of  reduction  melted  at  60-61*  (from  acetone),  [a]^) 

-  41.6*  (c  2.99,  alcohol). 

Found  %  C  76.16,  77.49;  H  11.10.  11.38;  N  11.31,  11.60.  CigH^Nj.  Calculated  %  C  76.86;  H  11.18;  N  11.95. 

The  base  is  quite  soluble  in  ether,  chloroform,  acetone,  alcohol,  and  water. 

Mediiodide,  m.p.  301-302*  (from  water). 

Hydroiodide,  m.p.  203-205*  (from  water). 
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Dehydrogenation  of  sophoradine  with  W  on  asbestos.  Sophoradine,  10  g  (m.p.  108-110*),  was  heated  with  2  g 
42?^  Pd  on  asbestos  for  30  minutes  at  285-300*  in  a  streamof  nitrogen;  there  occurred  during  this  a  very  energetic 
evolution  of  hydrogen.  The  reaction  mixture  after  cooling  was  dissolved  in  hot  acetone.  The  catalyst  was  filtered 
off,  and  the  acetone  was  evaporated  off.  The  crystalline  residue  was  washed  with  water  and  afterward  was  extrac¬ 
ted  with  a  mixture  of  acetone  and  ether  (1:3).  Subsequent  to  concentration  of  the  solution,  which  possessed  a  greenish- 
yellow  fluorescence,  a  precipitate  fell  out,  which  after  washing  with  acetone  gave  a  substance  tinged  with  a  yellow 
color,  with  a  melting  point  of  174-175*  (literature  values:  175-177*)  (from  acetone);  [a] p  ±  0.  The  substance  was 
readily  soluble  in  alcohol,  chloroform,  and  dilute  mineral  acids;  difficultly  soluble  in  acetone  and  ether. 

Found  %  C  74.4;  H  7.0;  N  11.22.  CisH^ONj.  Calculated  C  75.0;  H  6.7;  N  11.7. 

A  test  mixture  of  the  octadehydrosophoradine  obtained  by  this  method  with  octadehydromatrine  did  not  give 
a  depression  of  the  melting  point. 

Dehydrogenation  of  matrine  with  Pd  on  asbestos.  Matrine,  1.2  g,  was  heated  with  0.28  g  42^  Pd  on  asbestos  for 
30  minutes  at  285-300*  in  a  current  of  nitrogen.  After  cooling,  the  reaction  mixture  was  dissolved  in  hot  acetone, 
the  catalyst  was  filtered  off,  and  the  acetone  was  driven  off.  The  crystalline  residue  separated  by  suction  was  washed 
with  water.  The  yellow,  finely  crystalline  substance  was  triturated  with  a  mixture  of  acetone  and  ether  (1:3).  After 
removal  of  the  solvent,  there  was  obtained  1.05  g  of  a  substance  with  m.p.  165-171*.  After  crystallization  from  ace¬ 
tone,  m.p.  174-176*. 

Dehydrogenation  of  leontine  with  Pd  on  asbestos.  Leontine,  0.5  g,  was  heated  with  0.15  g  42f^  Pd  on  asbestos 
at  275-295*  for  30  minutes  in  a  currentof  nitrogen.  The  reaction  mixture  after  cooling  was  subjected  to  extraction 
by  hot  acetone.  After  evaporation  of  the  acetone  there  remained  a  yellow  powdery  substance  which  was  washed  first 
with  acetone  and  then  with  ether.  There  was  obtained  0.01  g  of  octadehydroleontine  with  m.p.  172.5-175*.  Test  mix¬ 
tures  with  octadehydromatrine  and  octadehydrosophoradine  did  not  give  a  depression  of  the  melting  point. 

Formation  of  allomatrine.*  To  2.18  g  PtDj,  reduced  in  33.3  ml  of  glacial  acetic  acid,  we  added  2.2  g  of 
matrine  dissolved  in  33.3  ml  of  glacial  acetic  acid.  The  reaction  mixture  was  heated  and  shaken  over  50  hours  In 
an  atmosphere  of  hydrogen.  The  catalyst  was  filtered  off  from  the  reaction  mixture  and  the  solvent  completely  re¬ 
moved.  The  residue  was  dissolved  in  water  made  alkaline  with  25%  KOH,  and  subjected  to  extraction  with  edier. 
After  removal  of  the  ether,  the  oily  'esidue  was  separated  through  its  basicity.  Allomatrine  was  separated  from  the 
last  fraction  after  saturation  of  the  mother  liquor  with  potash.  We  obtained  0.27  g  of  a  substance  with  m.p.  102.5- 
106*;  after  purification  from  petroleum  ether,  m.p.  105-106*,  [a]p  +  78.1*  (c  3.3,  anhydrous  alcohol).  Literature 
data:  m.p.  103-105*;  [ajjj  +  77*. 

The  formation  of  the  racemate  of  allomatrine.  An  alcohol  solution  of  0.0200  g  of  allomatrine  (m.p.  105-106*, 
[a]p+  78.1*)  and  0.0200  g  of  leontine  (m.p.  106-107*,  [a]jj-78.0*)  was  evaporated  to  obtain  the  racemate  with 
m.p.  86  —  87*,  [o£]pl  0. 

The  hydrochloride,  m.p.  219-220*  (from  a  mixture  of  acetone  with  alcohol,  1:5). 

SUMMA  RY 

1.  The  molecular  formula  of  sophoradine  was  definitively  established  to  be  CisHj^ONt  Instead  of  CisHigONt 
as  is  given  in  the  literature. 

2.  Sophoradine  contains  basically  the  matrine  nucleus  and  is  a  spatial  isomer  of  matrine. 

3.  Leontine  is  a  spatial  isomer  of  matrine,  i.e.,  an  optical  antipode  of  allomatrine. 
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•  We  changed  the  method  of  separating  allomatrine  from  the  reaction  mixture. 
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In  the  absorption  spectra  of  alkylimines  of  salicylic  aldehyde  (11)  and  o-hydroxyacetophenone  there  is  an 
interesting  effect:  the  occurrence  in  polar  solvents  of  an  intense  absorption  band  in  the  region  of  25,000  cm"^  [1]. 
Japanese  investigators  first  found  this  effect  which  they  explained  by  formation  of  hydrogen  bonds  [2]. 
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/^^C-CHa 
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1  A 
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Continuing  the  investigation  of  this  effect,  we  have  studied  the  absorption  spectra  of  analogous  systems:  the 
alkylimines  of  acetylacetone  (I)  and  B  -hydroxynaphthaldehyde  (III)  in  polar  and  nonpolar  solvents. 

Absorption  Spectra  of  Acetylacetone  Imines 

In  Table  1  we  give  the  data  for  the  absorption  spectra  of  the  a  cety  lace  tones.  In  F%.  1  we  give  the  absorption 
curves  for  acetylacetone  and  its  methyllmlne.  The  data  of  Table  1  show  that  the  solvent  does  not  affect  the  spec¬ 
trum  of  acetylacetone  itself.  The  introduction  of  the  alkylimino  group  into  the  acetylacetone  molecule  independent 
of  the  size  of  the  alkyl  radical  not  only  does  not  cause  the  appearance  of  a  new  absorption  band  (as  occurs  in  the 
case  of  salicylic  aldehyde),  but  also  does  not  cause  any  particular  change  in  the  nature  of  the  the  spectrum.  It  should 
be  noted  diat  the  position  of  the  absorption  maximum  in  the  spectra  of  alkylimines  of  acetylacetone  depends  in 
some  degree  on  the  solvent;  for  acetylacetone  imine  tfiis  relationship  is  shown  most  clearly.  It  is  probably  connec¬ 
ted  with  the  tautomerism  of  these  compounds  which  exist  as  enol- imines  or  ene-amines. 

The  possibility  of  formation  of  the  ene-amine  forms  for  nitrogen  derivatives  of  acetylacetone  was  shown  by 
Combes  [3]  who  obtained  acetylacetone  dlalkylamines  by  the  action  of  secondary  amines  on  acetylacetone.  Recent¬ 
ly  Weinstein  [4],  using  Infrared  spectra,  showed  the  presence  of  the  ene-amine  structure  for  some  acetylacetone 
imines. 

Kochetkov  and  Dombrovskii,  studying  the  molecular  refraction  of  B  -aminovinylketones,  and  especially  methyl- 
B  -aminovinylketone,  concluded  that  the  latter  exists  in  the  form  of  a  tautomeric  mixture  of  enol  and  ene-amine 
and  does  not  contain  an  imine  form  [5].  A  similar  idea  was  expressed  concerning  bisacetylacetone  ethylenediamlne 
by  Ueno  and  Martell  on  the  basis  of  a  study  of  infrared  spectra  [6]. 

Absorption  Spectra  of  Alkylimines  of  B -Hydroxynaphthaldehyde 

In  Tables  2  and  3  we  give  data  on  the  absorption  spectra  of  alkylamines  of  B  -hydroxynaphthaldehyde  and  its 
methyl  ether;  in  Figs.  2  and  3  we  give  the  characteristic  spectra. 

Table  3  shows  that  die  spectrum  of  B  -hydroxynaphthaldehyde  itself,  like  the  spectra  of  salicylic  aldehyde, 
acetylacetone,  and  o-hydroxyacetophenone,  is  not  changed  by  the  influence  of  solvents.  When  we  turn  from  B  -hy 
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TABLE  1.  Absorption  Maxima  of  Acetylacetone  Alkylimines  CHsCOCHiCf  =  R)CH|  In 
Different  Solvents 


Solvent 

R 

Isooctane 

Chloroform 

Methanol 

A»  CM”'* 

Ig  • 

ig  • 

».10-*  CM“' 

Ig  • 

=0 

36.7 

3.96 

36.4 

3.94 

36.4 

3.96 

300 

=NiI 

35.0 

4.65 

34.1 

4.18 

33.3 

4.21 

1700 

=NCHj 

33.1,  42.3 

4.18,  2.75 

32.2 

4.27 

32.2 

4.37 

900 

=NC,Il5 

33.1 

3.85 

32.0 

3.91 

32.1 

3.97 

1000 

--NC4H# 

33.1 

4.73 

32.1 

4.03 

32.1 

4.33 

1000 

=N(CH2)2N- 

32.0 

4.25 

31.3 

4.28 

31.0 

4.53 

louo 

*  The  shift  in  band  of  maximum  absorption  in  methanol  solution  compared  to  the  posi 
tion  of  the  maximiun  of  die  same  band  in  Isooctane  solution. 


Fig.  1.  Absorption  spectra  in  methanol.  1)  Acetyl¬ 
acetone;  2)  acetylacetone  methylimine. 


Fig.  3.  Absorption  spectra  in  methanol.  1)  6  -Hydroxy- 
naphthaldehyde;  2)  methylimine  of  0  -hydroxynaphth- 
aldehyde;  3)  methylimine  of  0  -methoxynaphthaldehyde. 


Fig.  2.  Absorption  spectra  of  the  butylimine  of 
0  -hydroxynaphthaldehyde.  1)  In  methanol;  2)  in 
chloroform,  pyridine,  and  acetic  acid;  3)  in  iso¬ 
octane. 

droxynapthalene  to  its  alkylimines,  a  new  abscxrption 
band  appears  in  the  spectra  of  the  latter,  which  agrees 
in  its  position  with  the  analogous  band  in  the  spectra 
of  alkylimines  of  salicylic  aldehyde.  This  band  in  the 
spectra  of  the  alkylimines  of  0  -hydroxynaphthalde¬ 
hyde,  as  in  the  case  of  the  imines  of  salicylic  alde¬ 
hyde,  does  not  depend  on  the  size  of  the  alkyl  radical 
oh  the  nitrogen  atom  and  is  absent  in  the  methoxy 
derivatives  (Fig.  3).  liowever,  in  distinction  from  the 
alkylimines  of  salicylic  aldehyde,  in  the  spectra  of 
alkylimines  of  0  -hydroxynaphthaldehyde  the  intensity 
of  this  band  is  not  essentially  changed  in  such  solvents 
as  methyl  alcohol,  chloroform,  pyridine,  and  acetic 
acid.  In  isooctane  solution  the  intensity  of  the  band  in 
the  region 25, 000  cm"*  for  0  -hydroxynaphthaldehyde 
imines  is  decreased  by  the  order  of  one,  while  for  alkyl¬ 
imines  of  salicylic  aldehyde  this  band  vanishes  entirely. 
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TABLE  2.  Absorption  Maxima  of  B  -Hydroxynaphthaldehyde  Imines  in  Different  Solvents 
(in  parentheses  we  give  the  maximum  structural  oscillation  found  on  the  basb  of  absorp¬ 
tion  bands)  ..  .oh 


n 
rr 


CH=R 


•  Boldface  type  gives  the  value  of  the  maximum  for  the  new  bands  which  appear  in  the 
spectra  of  the  alkylimines. 

••  We  give  data  for  solutions  in  carbon  tetrachloride  in  view  of  the  insolubility  of  the 
compound  in  isooctane. 

Simultaneously  with  this  in  the  spectra  of  alkylimines  of  B  -hydroxynaphthaldehyde  in  isooctane  there  appears  a  band 
which  is  characteristic  of  the  starting  aldehyde(28,000  cm'^)  which  is  not  found  in  alcohol  solutions.  In  isooctane 
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solutions  on  going  from  the  corresponding  alkylimines  of  the  methyl  ether  of  8  -hydroxynaphthaldehyde  to  the  imlne 
of  the  aldehyde  itself,  the  absorption  band  in  the  region  28,000  cm was  shifted  in  the  same  way  as  on  going  from 
the  ether  of  B  -hydroxynaphthaldehyde  to  the  aldehyde  itself. 

The  appearance  of  a  supplementary  absorption  band  in  the  spectra  of  the  alkylimines  of  salicylic  aldehyde,  o- 
hydroxyacetophenone,  and  B  -hydroxynaphthaldehyde  in  polar  solvents  is  analogous  to  the  effect  which  was  described 
by  Kiss  [7]  for  Schiff  bases  of  hydroxybenzaldehyde.  He  observed  that  in  Schiff  bases  of  o-  and  p-hydroxybenzalde- 
hyde  at  the  boundary  of  the  visible  field  there  appeared  a  band  which  was  absent  in  the  spectra  of  Schiff  bases  of  m- 
hydroxybenzaldehyde.  Kiss  suggested  that  the  appearance  of  this  band  depended  eifrier  on  the  fwmation  of  hydrogen 
bonds  or  the  occurrence  of  a  quinone  structure. 

TABLE  3.  Absorption  Maxima  for 
Solvents  (in  parentheses  we  give 
basis  of  absorption  bands) 


A»  CM"'* 


700 


900 


1200 

800 


1300 


Alkylimines  of  B  -Medioxynaphthaldehyde  in  Different 
maximum  structural  oscillation  which  is  found  on  the 


.CH=R 


I  I 

\0CH, 


*  The  shift  in  maximum  of  absorption  bands  in  the  region  29,000-28,000  cm~^  in 
the  ether  spectra  with  respect  to  ihe  spectra  of  the  alkylimine  of  B  -hydroxynaphth¬ 
aldehyde  itself  (for  solutions  in  isooctane). 

Appearance  of  Hydrogen  Bonds  in  the  Absorption  Spectra  of  o  -Hydroxycarbonyl 
Compounds 

In  setting  ourselves  the  problem  of  the  reason  for  the  appearance  of  new  absorption  bands,  we  considered  the 
question  of  the  appearance  of  hydrogen  bonds  in  the  electron  spectra  of  the  corresponding  carbonyl  compounds.  In 
Table  4  we  give  the  absorption  spectra  of  acetylacetone,  salicylic  aldehyde,  B  -hydroxynaphthaldehyde,  and  also 
their  ethers  in  different  solvents.  It  is  evident  from  the  table  that  all  the  compounds  in  which  formation  of  hydrogen 
bonds  is  possible  retain  their  characteristic  absorption  maximum  and  intensity  in  all  solvents,  polar  and  nonpolar 


289 


(Isooctane,  chloroform,  methanol,  pyridine).  This  can  be  explained  by  the  fact  that  the  intramolecular  hydrogen 
bonds  which  are  formed  are  so  strong  that  they  cannot  be  broken  by  formation  of  intermolecular  hydrogen  bonds  under 
the  Influence  of  the  solvent.  Thus  the  lack  of  change  in  absorption  spectra  in  different  solvents  indicates  the  presence 
of  strong  intramolecular  hydrogen  bonds,  which  agrees  with  the  data  in  the  literature  [8]. 

Table  4  shows  that  In  the  spectrum  of  the  methyl  ethers  as  compared  to  the  original  hydroxycarbonyl  compound 
there  is  a  shift  in  absorption  bands  toward  the  short  waves. In  methyl  esters  in  which  it  is  impossible  to  have  intramole¬ 
cular  hydrogen  bonds,  in  distinction  from  the  starting  compounds  there  is  a  shift  in  absorption  maxima  under  the  influ¬ 
ence  of  solvents  where  intermolecular  hydrogen  bonds  are  formed. 


TABLE  4.  Absorption  Maxima  of  Hydroxycarbonyl  Compounds  and  Their  Ethers 


Solvent 

Substance 

Isooctane 

Av  CM"** 

Methanol,  chloro¬ 
form,  pyridine 

CM-'* 

v  l0“’  CM-' 

Ig  • 

»10-*  CM-' 

Ig  • 

Acetylacetone 

36.4 

1 

3.96 

.  /onn 

36.4 

3.96 

\ 

Methyl  ether  of  acetylacetone 

40.6 

4.05 

I 

39.2 

4.16 

1 

Salicylic  aldehyde 

30.6 

3.60 

] 

30.6 

3.60 

1 

1 

Methyl  ether  of  salicycllc 

38.7 

4.05 

1 

[  iRnn 

38.7 

4.05 

1 

aldehyde 

32.2 

3.65 

31.2 

1  600 

40.3 

4.00 

i 

39.3-40.0 

4.07 

H  yd  ro  xya  cetophenone 

,30.6 

3.60 

30.6 

3.60 

) 

39.3 

3.95 

,39.5 

4.00 

39.9 

4.00 

2900 

2200 

o-Methoxyacetophenone 

33.5 

3.45 

32.8 

3.55 

41.3 

3.85 

40.5 

3.90 

8  -Hydroxynaphthaldehyde 

27.1 

3.75 

27.7 

3.75 

27.9 

3.72 

31.4 

3.90 

31.4 

3.96 

800 

400 

6  -Methoxynaphthaldehyde 
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,3.73 

28.1 

3.77 

31.2 

3.85 

31.3 

3.87 

*The  shift  in  absorption  band  maximum  in  the  spectra  of  the  methyl  ethers  as  compared 
to  the  spectra  of  the  original  hydroxycarbonyl  compounds. 


The  shifts  which  occur  from  formation  of  hydrogen  bonds  (difference  in  absorption  maxima  between  methoxy 
and  hydroxy  compounds  )depends  both  on  the  solvent  and  on  the  nature  of  the  carbonyl  compound.  The  greatest  shift 
for  a  given  compound  occurs  in  inert  solvents:  thus,  for  acetylacetone  this  shift  is  4200  cm"*,  for  o-hydroxyacetophe- 
none  2900  cm"*,  for  salicylic  aldehyde  1600  cm"*,  for  6  -hydroxynaphthaldehyde  800  cm**.  In  polar  solvents  the  shift 
Is  less  in  size,  which  becomes  characteristic  for  intermolecular  hydrogen  bonds  of  the  methoxy  compounds  with  polar 
solvents  (Au  is  2800,  2200,  600,  and  400  cm"*,  respectively).  The  deceased  value  of  the  shift  under  the  influence  of 
formation  of  intramolecular  hydrogen  bonds  in  the  series  acetylacetone  -*■  6  -hydroxynaphthaldehyde  can  be  explained 
by  Increase  in  conjugated  systems  and  the  corresponding  relative  decrease  in  importance  of  the  contribution  of  the 
hydrogen  bonds  which  are  formed  to  the  general  energetic  balance  of  the  system  [9]. 

It  is  clear  from  these  results  on  the  absorption  spectra  of  systems  with  Intramolecular  hydrogen  bonds  that- 

1)  with  the  formation  of  intramolecular  hydrogen  bonds  in  the  systems  studied  there  is  no  change  in  the  character 
of  the  spectrum,  but  only  a  shift  in  the  absorption  bands  toward  the  long  waves; 

2)  the  absorption  spectra  of  compounds  with  intramolecular  hydrogen  bonds  do  not  change  under  the  influence 
of  solvents; 

3)  the  size  of  the  shift  in  the  bands  under  the  influence  of  formation  of  intramolecular  hydrogen  bonds  depends 
on  the  solvent  and  on  the  nature  of  the  compound  studied  and  varies  for  these  compounds  within  800  to  4200  cm"* 

(for  nonpolar  solvents). 
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Benzene -Qulnoid  Tautomerism  of  Alkylimines  of  Hydroxycarbonyl  Compounds 

The  reason  for  the  appearance  in  the  spectra  of  imines  of  salicylic  aldehyde,  o-hydroxyacetophenone,  and  B  - 
hydroxynaphthaldehyde  of  new  absorption  bands  in  the  region  of 25,000 cm’*  in  polar  solvents  is  thus  not  formation 
of  hydrogen  bonds,  but  a  deeper  change  in  the  structure  of  the  molecule.  The  hydrogen  bonds  which  exist  in  these 
compounds  ususally  cause  a  shift  in  the  corresponding  absorption  bands  in  passing  from  the  imine  of  a  methoxy  com¬ 
pound  to  the  imine  of  the  hydroxy  com  pound  itself;  thus,  in  the  imine  of  salicylic  aldehyde  for  the  band  31,000cm"*, 
Av  is  1600  cm"*  (isooctane);  in  the  imine  of  B  -hydroxynaphthaldehyde  for  the  band  28,000cm‘‘  Au  U  from  700  to 
1300  cm"*  (isooctane). 

Since  we  wished  to  test  the  second  suggestion  of  Kiss  concerning  the  existence  of  a  quinoid  structure  for  such 
systems,  we  studied  the  ultraviolet  absorption  spectra  of  the  alkylimines  of  para-hydroxycarbonyl  compounds.  It  is 
necessary  to  say  that  while  the  ortho-hydroxyalkylimines  are  characterized  by  considerable  stability,  their  para  iso¬ 
mers  are  distinguished  by  instability  and  difficulty  of  isolation  in  the  pure  form  because  of  relatively  rapid  decom¬ 
position. 


In  Fig.  4  we  give  absorption  curves  for  a-phenylpropylimine  of  p-hydroxybenzaldehyde*  in  methanol,  chloro¬ 
form,  and  isooctane.*  •  The  figure  shows  that,  as  for  the  ortho  derivative,  the  spectrum  of  the  para  compound  In 
polar  solvents  shows  a  band  in  the  region  25,000-26,000  cm"*,  whose  intensity  increases  in  going  from  chloroform 
to  methanol.  In  isooctane  solution  this  band  is  absent.  Since  in  the  para  compound  intramolecular  hydrogen  bonds 
are  absent,  the  band  is  shifted,  depending  on  the  solvent.  In  the  ultraviolet  spectra  of  the  alkylimines  of  p-hydroxy- 
acetophenone,  1,4-uydroxynaphthaldehyde,  and  of  ethylenediamine  p-hydroxybenzaldehyde  we  found  the  same 
effect. 
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Thus,  for  both  ortho-  and  para -hydroxyaldehydeson  passing  to  the 
nitrogen  derivatives  we  find  the  same  effect;  the  appearance  of  an 
intense  absorption  band  in  the  region  25,000-26,000  cm"*.  This  is  evident¬ 
ly  related  to  formation  of  a  quinoid  structure  .and  hence  we  can  suggest 
that  in  solutions  of  aromatic  o-hydroxyalkylimines  there  is  a  benzene- 
quinoid  tautomeric  equilibrium. 
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Fig.  4.  Absorption  spectra  of  a-phenyl- 
propylimine  of  p-hydroxybenzaldehyde. 
l)In  methanol,  26.3  (Ig  €  3.36); 

^'max  36.7-37.0  (Ig  c  4.32);  2)  In  chloro¬ 
form.  25.0  (Ig  e  1.89);  30.1 

(Ig  €  2.08);  37.7  (Ig  €  4.32);  3)  in 

isooctane  (scale  of  optical  density  given  on 
the  right). 


In  polar  solvents  there  is  a  strong  shift  toward  the  quinoid  form. 
However,  as  was  noted  above,  in  o-hydroxyalkylimines  of  aromatic 
aldehydes  there  is  an  intramolecular  hydrogen  bond  which  is  clearly 
shown  in  nonpolar  solvents.  The  presence  of  this  hydrogen  bond  deter¬ 
mines  the  high  stability  of  the  ortho-hydroxy  isomers  as  compared  to 
their  ethers  and  para  isomers,  which  cannot  always  be  isolated  in  an 
analytically  pure  state. 

From  the  fact  that  in  the  spectra  of  alkylimines  of  B  -hydroxy¬ 
naphthaldehyde  the  band  in  the  region  of  25,000  cm"*  is  preserved  in 
isooctane  and  acetic  acid  solutions,  and  also  of  the  slight  change  in 
intensity  in  other  solvents,  we' can  conclude  that  for  the  naphthalene 
ring  the  quinoid  structure  is  more  stable  than  for  the  benzene  ring. 


Some  evidence  for  this  is  the  fact  that  in  alkylimines  of  B  -hydro¬ 
xynaphthaldehyde  the  position  of  the  band  which  we  studied,  though  in 
the  naphthalene  ring,  yet  retains  the  value  characteristic  for  benzene  compounds  (about 25, 000  cm"*). 


If  we  consider  the  above  described  benzene-quinoid  equilibrium  carefully,  we  can  see  that  it  is  basically  an 
enol-amine  tautomerism  whose  jxesencc  in  compounds  of  the  aliphatic  series  was  shown  conclusively  by  Kochetkov 
and  Dombrovskii  [5], 


•The  preparation  was  kindly  supplied  by  V.  M.  Potapov, to  whom  we  express  thanks. 

••The  solubility  of  a-phenylpropylimine  of  p-hydroxybenzaldehyde  in  isooctane  is  slight,  so  that  its  spectrum  was 
photographed  qualitatively. 
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formation  of  the  ene-amine  form.  However,  formation  of  the  ene-amine  form  in  the  aromatic  system  is  accompanied 
by  the  appearance  of  a  quinoid  structure  and  its  corresponding  intense  absorption  band  in  the  region  25,000  cm 

The  imine-ene-amine  tautomerlsm  of  a  wider  circle  of  compounds  will  be  the  subject  of  a  later  communica¬ 
tion. 


EXPERIMENTAL 

Imines  of  A cetylacetone  and  Its  Ether 

The  acetylacetone  which  was  used  as  the  starting  material  for  preparing  alkylimines  was  dried  over  calcined 
magnesium  sulfate  and  distilled;  we  collected  the  fraction  with  b.p.  139-139. 5*.  n^  1.4545. 

The  methyl  ether  of  acetylacetone  was  prepared  according  to  Eistert  et  al.  [10].  Colorless  liquid  with  b.p.  56- 
67*  (8  mm),  n*  1.4703.  Literature  data;  b.p.  58-59*  (10  mm),  n^  1.4688  [11]. 

Acetylacetone  Imines  were  synthesized  by  one  of  the  following  methods. 

a)  Acetylacetone  was  heated  on  a  water  bath  in  methyl  alcohol  with  the  stoichiometric  amount  of  amine,  and 
in  the  case  of  acetylacetone  imine  and  methylimine,  ammonia  or  methylamine  respectively  were  passed  into  the  re¬ 
action  mixture.  After  the  solvent  had  been  distilled  off,  the  mixture  was  vacuum  distilled. 

b)  Stoichiometric  amounts  of  acetylacetone  and  the  amine  were  heated  under  reflux  for  2-5  hours  or  in  a  sealed 
tube  on  a  boiling  water  bath  for  3-5  hours. 

The  constants  and  analyses  of  the  resulting  compounds  ate  given  in  Table  5. 


TABLE  5.  Alkylimines  of  Acetylacetone  CH8COCH|C(  =  R)CH8 


It 

Meth. 

of 

prep. 

Melting 

point 

Boiling 
point  (pres¬ 
sure  in  mm) 

Empirical 

formula 

Content  of 
N.^b 

Litera¬ 

ture 

referen 

found  j 

calc. 

=NH 

a 

42—43® 

74.50(6) 

CbHjON 

13.87 

14.14 

=NCH3 

a 

40.5-41 

82-83  (6) 

— 

CoH„ON 

12.25 

12.40 

tlS) 

=NC2H5 

b 

— 

76.5-77  (10) 

1 .4758 

CtHisON 

— 

— 

jisj 

=NC4H9 

b 

— 

97  (4) 

1.5111 

CgHnON 

8.75 

9.01 

=N(CH2)2N  = 

b 

110-112 

^12^20^2^2 

12.42 

12.49 

PI 

Alkylimines  of  B -Hydroxynaphthaldehyde  and  Its  Ether 

B  -Hydroxynaphthaldehyde  was  obtained  according  to  Russell  and  Lockhart  [11].  The  methyl  ether  was  obtained 
by  methylation  with  dimethyl  sulfate  [12]. 

Alkylimines  of  B  -hydroxynaphthaldehyde  were  synthesized  by  one  of  two  methods. 

a)  (Method  of  Pfeiffer,  worked  out  for  alkylimines  of  salicylic  aldehyde  [13].)  We  dissolved  0.02  g-mole  of 
B  -hydroxynaphthaldehyde  or  its  methyl  ether  in  100  ml  of  methanol  and  added  0.02  g-mole  of  amine  hydrochloride 
or  0.01  g-mole  of  diamine  hydrochloride  and  twice  the  theoretical  amount  of  sodium  acetate.  In  work  with  the  free 
amine,  sodium  acetate  was  not  added.  The  reaction  mixture  was  boiled  for  two  hours  on  a  water  bath  and  water 
added.  The  crystals  which  precipitated  were  separated  and  purified  through  the  hydrochloride  or  by  recrystallization. 
Yield  quantitative. 
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b)  We  dissolved  0.01  g>mole  of  B  -hydroxynaphthaldehyde  or  Its  methyl  ether  in  30  ml  of  dry  benzene,  added 
a  twofold  excess  of  the  amine  and  left  it  overnight.  In  the  case  of  the  methylimine  and  the  imine  the  solution  was 
saturated  with  the  corresponding  methylamlne  or  ammonia,and  the  amine  was  passed  until  the  end  of  the  reaction. 
The  rpitctlon  mixture  was  boiled  in  the  presence  of  2-3  drops  of  acetic  acid  for  6-8  hours,  on  which  the  benzene 
which  distilled  off  was  passed  through  a  layer  of  metallic  sodium  for  drying  before  returning  to  the  reaction  flask. 
The  end  of  the  reaction  was  determined  by  cessation  of  evolution  of  hydrogen  from  the  sodium.  The  benzene  was 
distilled  off  and  the  residue  either  distilled  (In  the  case  of  the  alkyllmines  of  the  methyl  ether  of  S  -  hydroxy  naphth 
aldehyde)  or  purified  through  the  hydrochloride.  Yield  40-80%. 

TABLE  6.  Alkyllmines  of  8  -Hydroxy-and  6  -Methoxynaphthaldehydes 

I  i 

k/VcH=H. 


0 

Melting  point 

B.  p. 
(pressure 
in  mm) 

1 

Empirical 

formula 

•/. 

N 

R 

It. 

3d 

0)0) 

n/® 

found 

calc. 

-H 

=NII 

b 

285—  290° 
(decomp.  ~100“) 

— 

- 

CliHgON 

8.17, 

8.15 

8.18 

-II 

=NCIl3 

b 

132— 1.« 

(from  Isooctane) 

— 

— 

CijIIiiON 

7.82, 

7.74 

7.56 

-li 

^NCglls 

a 

124.5—12.5 
(from  isooctane) 

— 

— 

C,3H,30N 

7.1a 

7.22 

7.03 

-II 

=NC4ll„ 

a 

69.5—70 
(from  aqueous 
alcohol) 

C.sHnON 

6.08, 

5.92 

6.44 

-II 

=  N(CIl2)2N= 

a 

31  !• 

(from  nitroben¬ 
zene) 

C24H  20^2^2 

7.47, 

7.49 

7.60 

—  II 

=  N{ClIa\,N  = 

a 

175 

(from  methanol) 

— 

— 

^28^2802^2 

6.45, 

6.42 

6.59 

-CHs 

=N(:h3 

b 

57 

(from  isooctane) 

1700(6) 

— 

C,3H,30N 

6.86, 

6.85 

7.03 

-CH3 

=NC2ll5 

b 

44.5 

(from  isooctajie) 

165-165.5 

(3-4) 

1.6311 

Ci4H,50N 

6.57, 

6.46 

6.57 

-CH3 

=  NC4H9 

b 

176  (3-4) 

1.6095 

CieH  ipON 

5.74, 

5.69 

5.80 

-CH3 

=n(ch2)2N= 

a 

145-146 
(from  aqueous 
methanol) 

U2flH2402N2 

6.95. 

7.03 

7.07 

-CH3 

=  N(CH2)6N=-- 

a 

132—132.5 
(from  aoueous 
methanol) 

C30H32O2N2 

6.12, 

5.87 

6.19 

•Described  by  P.  Pfeiffer:  m.p.  311“  [13], 

The  Imlne,  methylimine,  ethylimlne,  and  butyllmine  of  B  -hydroxynaphthaldehyde  were  purified  through  the 
hydrochloride  as  follows:  the  reaction  product  was  dissolved  in  dilute  hydrochloric  acid,  filtered,  and  the  mixture 
then  extracted  with  ether.  The  purified  solution  was  carefully  neutralized  with  a  dilute  solution  of  potash  under  an 
ether  layer.  The  Imlne  which  precipitated  was  quickly  extracted  with  ether  and  after  distillation  of  the  ether  was 
recrystallized.  The  constants  and  analyses  of  the  resulting  compounds  are  given  in  Table  6. 

The  absorption  spectra  were  taken  on  an  SF-4  spectrophotometer. 

SUMMARY 

1.  We  have  taken  the  ultraviolet  absorption  spectra  of  alkylimlnes  of  acetylacetone  and  B  -hydroxynaphthalde¬ 
hyde  in  different  solvents. 
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2.  For  the  alkylimines  of  0  -hydroxynaphthaldehyde  we  have  found,  ai  for  the  corresponding  benzene  deriva¬ 
tives,  the  occurrence  of  an  absorption  band  In  the  region  25,000cin~^  whose  intensity  is  not  changed  in  such  polar 
solvents  as  methanol,  chloroform,  pyridine,  and  acetic  acid,  and  is  lowered  by  an  order  of  one  in  nonpolar  solvents. 

3.  Analogous  absorption  occurs  in  the  corresponding  para  isomers. 

4.  For  aromatic  o-hydroxycarbonyl  compounds  the  position  of  the  band  in  the  region  25,000 cm corresponds 
to  formation  of  a  quinoid  structure,  and  the  occurrence  in  the  compounds  studied  of  a  hydrogen  bond  assures  great 
stability  for  the  ortho  isomers. 

5.  It  is  established  that  for  o-hydroxyalkylimlnes  of  aromatic  aldehydes  there  is  a  benzene -quinoid  equilibrium 
which  is  a  special  case  of  an  enol-amine  tautomeric  equilibrium. 
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We  have  previously  reported  [1]  on  the  furocoumarin  pragenine  (m.p.  96.5-97”)  isolated  from  the  resin  of  the 
root  of  lYangos  pabularia  L.  Prangenine  was  assigned  the  formula  Ci5Hj/)4  and  the  suggested  structure  was  diat  of  a 
butyl  ether  of  xanthotoxol  [2,3],  However,  the  structure  of  the  side  chain  remained  unsettled. 

H  y  I  CO 

0C4H0 

It  was  also  suggested  in  the  literature  [4]  that  prangenine  was  identical  with  imperatorine,  a  furocoumarin  iso¬ 
lated  from  the  root  of  Imperatoria  ostruthium. 

In  undertaking  a  more  detailed  study  of  the  structure  of  prangenine,  since  we  knew  the  difficulty  of  separating 
and  purifying  the  furocoumarins  by  crystallization,  we  decided  to  use  a  chromatographic  method. 

By  the  method  of  adsorption  chromatography  on  aluminum  oxide  we  were  able  to  separate  prangenine  into  two 
substances.  When  we  eluted  with  a  mixture  of  chloroform  and  ligroin  we  isolated  from  the  first  fraction  a  substance 
(I)  with  m.p.  99.5-100.5”,  and  from  later  fractions  a  substance  (11)  with  m.p.  113-114.5”. 

By  the  method  of  descending  paper  chromatography  we  showed  that  both  substances  give  a  spot  with  a  yellow 
fluorescence  in  ultraviolet  light  and  differ  sharply  in  R(  values.  Substance  (I)  has  Ry  0.70-0.78,  substance  (II),  R^ 
0.30-0.32. 

The  ultraviolet  spectra  of  both  substances  are  very  similar;  The  positions  of  the  maximum  absorption  band  are 
close  (249  and  300,  and  248  and  200  mp  ,  respectively),  but  the  bands  differ  somewhat  in  intensity  (see  figure). 

From  the  results  of  elementary  analysis,  substance  (I)  has  the 
composition  C]eHiP4,  and  from  its  melting  point  it  is  imperatorine.  A 
sample  mixed  with  imperatorine*  gave  no  depression  of  the  melting 
point. 

Confirmation  of  the  identity  of  substance  (I)  and  imperatorine  was 
obtained  by  preparing  alloimperatorine  with  m.p.  228”  when  substance 
(I)  was  distilled  in  a  vacuum. 

Substance  (II)  with  m.p.  113- ..14.5”  is  pure  prangenine.  On  the 
basis  of  the  results  of  elementary  ana  ysis  and  molecular  weight  we  sug¬ 
gest  for  prangenine  the  formula  instead  of  our  earlier  formula 

^15^1^4*  molecular  formula  of  prangenine  agrees  with  the 

formula  of  an  oxide  of  imperatorine. 


•  Imperatorine  was  kindly  supplied  to  us  by  Yu.  A.  Dranitsyna.who  iso¬ 
lated  it  from  the  fruit  of  Archangelica  decurrens  Ldb. 


A  mft 

Ultraviolet  absorption  spectra.  1)  Imper¬ 
atorine;  2)  prangenine. 


295 


The  melting  point  of  prangentne  (114.5*)  U  close  to  the  melting  point  of  the  oxide  of  Imperatorine  (115-116”) 
obtained  by  Spath  and  Holzen  [5].  A  sample  of  a  mixture  of  prangenine  with  a  known  imperatorine  oxide  prepared 
by  us  gave  no  melting  point  depression.  The  identity  of  prangenine  with  the  Imperatorine  oxide  was  also  confirmed 
by  the  agreement  of  the  values  of  both  preparations  and  the  sameness  in  character  of  the  lumli  escence  of  their 
spots  on  the  chromatogram  in  ultraviolet  light. 

Hence  we  can  consider  it  established  that  prangentne  is  Identlcaf  with  imperatorine  oxide.which  is  thus  a 
natural  furocoumarin. 


EXPERIMENTAL 

Chromatography  of  prangenine.  A  column  (diameter  25  mm,  height  270  mm)  was  filled  with  AiPs  (30  g,  3rd 
activity  according  to  Brockman)  and  moistened  with  ligroin  (b.p.  40-50*).  Through  the  column  was  passed  a  solution 
of  0.6  g  of  prangenine  (m.p.  95-96*)  in  a  mixture  of  chloroform  and  ligroin  (1:2).  Elution  was  carried  out  with  a  mix¬ 
ture  of  chloroform  and  ligroin  in  the  ratios  1:5  and  1:2.  The  volume  of  each  fraction  was  15  ml.  Results  of  the  chrom¬ 
atography  are  given  in  the  table. 


Chromatography  of  Prangenine  (Ratio  of  chloroform  and  ligroin) 
in  the  eluting  mixture  1:5  for  fractions  1-18,  and  1:2  for  frac¬ 
tions  19-20) 


Fraction 

Wt.  of  elu- 

Melting 

No.  of  spots 

No. 

ted  sub¬ 
stance,  in 
mg 

point 

on  chromato¬ 
gram 

1 

2 

100 

99-99.5° 

1 

— 

3 

200 

99.5-100.5 

1 

0.70—0.78 

4 

50 

99.5-100.5 

1 

1 

5 

Trace 

_ 

2 

6 

» 

— 

2 

7 

» 

_ 

2 

8 

» 

_ 

2 

9 

» 

_ 

2 

10 

» 

— 

2 

0.70,  0.30 

11 

» 

2 

12 

» 

— 

2 

13 

— 

2 

14 

» 

— 

2 

15 

» 

— 

2 

16 

40 

111.5 

1 

0.30 

17 

50 

113.0 

1 

0.30 

18 

50 

114.5 

1 

\ 

19 

100 

114.5 

1 

1  0.30—0.32 

20 

10 

114.5 

1 

1 

The  substances  with  m.p.  99.5-100.5*  and  113-114.5*  were  chromatographically  pure,  since  they  gave  one 
spot  in  paper  chromatography.  The  paper  chromatogram  was  obtained  in  a  pyridine  atmosphere,  where  the  non- 
mobile  phase  was  ethylene  glycol  and  the  mobile  phase  was  benzine  [6]. 

Substance  (I)  (m.p.  99.5-100.5*,  imperatorine) 
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Found  %.  C  71.00,  70.83;  H  5.45.  M  255.  CmHiP4.  Calculated  %  c  71.11;  H  5.18.  M  270. 

Substance  aD  (m-P*  114.5*,  prangenine) 

Found  C  67.09,  67.04;  H  4.91,  H  4.99.  M  270,  264.  C»HiP*.  Calculated  C  67.13;  H  4.93*  M  236. 

Preparation  of  imperatorine  oxide.  One  g  of  Imperatorine  was  dissolved  in  5  ml  of  chloroform;  50  ml  of  a  chloro¬ 
form  solution  of  benzoyl  peroxide  (1  g)  was  added,  and  the  solution  stood  for  five  days  at  room  temperature.  Then  It 
was  diluted  with  a  large  volume  of  ether  (300  ml)  and  shaken  with  10^  K1CO3  solution.  The  ether -chloroform  solu¬ 
tion  was  concentrated  in  a  vacuum  and  passed  through  Al^i  (15  g).  In  the  elution  we  obtained  imperatorine  oxide 
with  m.p.  114*  and  Rf  value  0.32.  The  luminescence  of  the  spot  on  the  paper  chromatogram  in  ultraviolet  light  was 
yellow. 

Found  %  C  67.24;  67.36;  H  5.08.  5.05.  C^Hi/Ds.  Calculated  C  67.13;  H  4.93. 

A  sample  of  a  mixture  of  imperatorine  oxide  and  substance  (II)  gave  no  melting  point  depression.  The  value 
and  yellow  luminescence  of  the  spot  on  the  chromatogram  in  ultraviolet  light  were  the  same  for  both  substances. 

SUMMARY 

1.  Chemically  and  chromatographically  pure  prangenine  from  the  root  secretion  of  Ptangos  pabularia  has  the 
composition  C3sH|^5and  m.p.  114.5*. 

2.  It  was  found  that  prangenine  is  identical  with  imperatcurine  oxide. 

3.  It  was  established  that  in  the  root  secretion  of  Prangos  pabularia  besides  the  earlier  discovered  oxypeucedanine 
and  osthole  there  are  also  imperatorine  and  imperatorine  oxide  (prangenine). 
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PYRIDINE-CUPROUS  CHLORIDE  COMPLEX  AS  A  CATALYST 


FOR  AUTOOXIDATION 

II.  AUTOOXIDATION  OF  AMINES  DEPENDING  ON  SUBSTITUENTS  IN  THE  AROMATIC  RING 

A.  P.  Terent’ev  and  Ya.  D.  Mogilyanskil 

Moscow  State  Pedagogical  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  1, 

pp.  326-331,  January,  1961 

Original  article  submitted  February  11,  1960 


In  a  previous  communication  [1]  we  described  the  preparation  of  azo  compounds  by  oxidation  of  some  primary 
aromatic  amines  by  gaseous  oxygen  In  the  presence  of  the  catalyst  Cu2Clj*6C5H5N.  On  further  study  of  this  reaction 
it  was  shown  that  the  rate  and  character  of  the  oxidation  In  aniline  derivatives  depended  largely  on  the  nature  of  the 
amine.  Thus,  while  aniline,  p-toluidine,  and  p-anisidine  were  converted  very  rapidly  into  the  corresponding  azo  com¬ 
pounds,  m-nitroanilinewas  very  difficult  to  convert  by  oxidation  under  these  conditions,  and  p-nitroaniline,  anthranilic 
acid,  and  methyl  anthranilate  scarcely  reacted  at  all.  It  was  therefore  interesting  to  study  the  comparative  rates  of 
oxidation  of  different  amines  on  the  rate  of  absorption  of  oxygen. 

We  carried  out  the  experiments  in  the  apparatus  described  earlier  which  we  used  for  determining  the  amount 
of  oxygen  absorbed  by  the  catalyst  [1].  The  volume  of  oxygen  absorbed  was  determined  each  five  minutes.  For  com¬ 
parison  the  values  of  this  volume  were  calculated  in  percent  of  the  theoretical  volume  calculated  under  these  condi¬ 
tions,  that  is,  the  volume  needed  for  full  dehydrogenation  of  the  given  amount  of  amine  with  account  of  the  volume 
absorbed  by  the  catalyst  [1]. 


Time  (min) 


Fig.  1.  Relation  of  rate  of  autooxida¬ 
tion  to  nature  of  amine.  1)  Aniline; 
2)  p-toluidine;  3)  p-anisidine;  4)  m- 
xylidine;  5)  m-nitroaniline. 


Time  (min) 


Fig.  2.  Comparative  rates  of  autooxida¬ 
tion  of  the  toluidines.  1)  Aniline;  2)  o- 
toluidine;  3)  m-toluidine;  4)  p-toluidine. 


Figure  1  shows  the  relation  of  rate  of  absorption  of  oxygen  to  nature  of  the  amine.  In  Figs.  2,3,4,  and  5  are 
the  respective  separate  presentations  of  the  results  of  experiments  with  all  three  isomers  of  the  toluidines  and  chloro-, 
bromo-,  and  iodoanilines  (in  each  figure,  for  comparison,  we  give  the  curve  of  oxidation  of  aniline).  The  reaction 
rate  was  very  considerable  in  p-toluidine,  and  especially  in  p-anisidine;  in  the  haloanilines  it  was  much  lower,  and 
entirely  inapjweciable  in  m  -nitroaniline;  p-nitroaniline  did  not  absorb  oxygen  at  all.  These  effects  of  substituents 
can  be  explained  by  inductive  effects.  Since  the  essence  of  the  oxidation  process  here  is  the  giving  up  of  electrons 
and  protons,  nucleophilic  groups  should  aid  it  and  electrophilic  groups  should  hinder  it.  Thus,  nitro  groups  almost 
completely  suppress  the  oxidation,  and  methyl  and  especially  methoxy  groups  permit  the  process  to  a  large  extent. 

The  position  of  the  substituent  is  also  in  great  degree  reflected  in  the  course  of  the  reaction,  as  can  be  seen  in 
the  comparative  curves  in  Figs.  2-5.  The  greatest  rate  occurs  in  the  para  isomers,  markedly  less  in  the  meta  isomers. 


Time  (min) 


Fig.  3.  Comparative  rates  of  autooxidation 
of  the  chloroanllines.  1)  aniline;  2)  o- 
chloroaniline;  3)  m-chloroaniline;  4)  p- 
chloroaniline. 
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Fig.  4.  Comparative  rates  of  autooxidation  of 
the  bromoanillnes.  1)  Aniline;  2)  o-bromoanl- 
llne;  3)  m-bromoanlllne;  4)  p-bromoanlllne. 


and  in  the  ortho  isomers  absorption  of  oxygen  is  scarcely  found. 

It  can  be  assumed  that  this  peculiar  "ortho  effect*  is  explained 
by  the  formation  of  hydrogen  bonds  between  the  amino  groups  and 
the  atom  of  substituent  in  the  ortho  position. 

It  is  important  to  note  that  under  the  conditions  which  we 
studied,  only  primary  aromatic  amines  were  oxidized.  The  second¬ 
ary  fatty-aromatic  amine  N-ethylaniline  was  not  changed;  in  the 
same  way  there  was  no  oxidation  of  primary  aliphatic  amines,  tso- 
amylamlne  and  p-methoxybenzylamine. 

For  comparison  we  carried  out  under  the  same  conditions 
the  oxidation  of  hydrazo  compounds.  The  kinetics  of  oxidation  of 
hydrazo  compounds  are  shown  in  Fig.  6.  We  see  that  hydrazo  com¬ 
pounds  under  these  conditions  are  oxidized  very  energetically: 
the  process  is  complete  in  15-20  minutes,  which  is  considerably 
faster  than  for  the  corresponding  amines,  as  can  be  seen  immedia¬ 
tely  by  comparing  Figs.  1  and  6.  It  is  also  characteristic  for  the 
hydrazo  compounds  that  the  nature  of  the  aryl  group  has  almost 
no  effect  on  the  rate  of  the  process,  from  which  we  can  conclude 
that  oxidation  in  the  hydrazo  compounds  takes  place  by  another 
mechanism  than  with  the  amines. 

Mechanism  of  the  reaction.  There  are  two  main  points  of 
view  as  to  the  question  of  the  reaction  mechanism  of  the  oxida¬ 
tion  of  the  amines,  those  of  Bamberger  [2]  and  Goldschmidt  [3). 

According  to  Bamberger,  the  main  direction  is  expressed  by 
the  following  scheme. 


C6H5NH2  — >►  CeHgNHOH  —  CeHsNO  CellgNOa 


% 


As  a  result  of  branching,  condensation,  and  further  oxidation 
various  products  are  obtained.  This,  for  example,  condensation  of 
phenylhydroxylamine  widi  nitrosobenzene  gives  azoxybenzene. 

CbHsNHOU  4  ONCeHs  — ►  C#Il5N=NOCeH5 


Time  (min) 

Fig.  5.  comparative  rates  of  autooxidation  of 
the  iodoanilines.  1)  Aniline;  2)  o-iodoaniline; 

3)  m-iodoaniline;  4)  p-iodoaniline. 

dation  of  phenylhydroxylamine  to  nitrosobenzene 
nitrosobenzene,  not  finding  phenylhydroxylamine 
azo  compounds. 


The  formation  of  azobenzene  is  explained  by  Bamberger  by 
the  reaction  of  nitrosobenzene  w  ith  unchanged  amine. 

In  our  experiments  we  never  succeeded  in  finding  even  traces 
of  azoxy  compounds  among  the  reaction  products.  According  to 
Bamberger,  this  can  be  explained  by  the  fact  that  the  rate  of  oxi- 
is  considerably  greater  than  the  rate  of  its  condensation,  and  the 
in  the  reaction  mixture,  combines  with  unreacted  amines  to  give 


To  test  this  idea  under  our  conditions,  we  carried  out  the  oxidation  of  phenylhydroxylamine  in  pyridine  solu¬ 
tion  in  the  presence  of  CujClj  with  consideration  of  the  rate  and  volume  of  oxygen  a'jsorptlon.  It  was  shown  that  al¬ 
though  phenylhydroxylamine  is  oxidized  very  rapidly  under  these  conditions  (the  reac  tion  was  complete  in  15-20 
minutes),  yet  condensation  with  its  oxidation  prcxiuct,  nitrosobenzene,  occurs  still  more  rapidly.  This  is  shown  by 
the  fact  that  oxygen  is  absorbed  in  an  amount  sufficient  for  oxidation  of  only  half  the  amount  of  phenylhydroxyl¬ 
amine  taken, and  the  second  half  of  the  latter  is  condensed  with  the  nitrosobenzene  which  is  formed  to  give  azoxy¬ 
benzene,  obtained  in  quantitative  yield.  In  another  experiment  where  we  t(X)k  a  mixture  of  phenylhydroxylamine 
and  nitrosobenzene  in  equivalent  amounts,  only  15^  of  the  phenylhydroxylamine  was  oxidized,  and  the  rest  during 
the  experiment  was  condensed  with  the  nitrosobenzene.  We  could  not  isolate  an  appreciable  amount  of  azobenzene 
as  a  result  of  a  direct  experiment  when  a  mixture  of  aniline,  nitrosobenzene,  pyridine  and  cuprous  chloride  stcxxl  for 
a  day  in  a  hydrogen  atmosphere. 
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Fig.  6.  Comparative  rates  of  autooxidation  of  hydrazo  compounds.  1) 

3,3*-Dinltrohydrazobenzene;  2)  4,4*-dimethoxyhydrazobenzene;  3) 
hydra zobenzene;  4)  4,4’ -hydrazo-m -xylene  (2,4,2*,4'-tetramethyl- 
hydrazobenzene),  5)  4,4’-dimethylhydrazobenzene. 

We  can  conclude  from  the  above  that  in  this  reaction  the  path  to  azo  compounds  which  are  obtained  in  a  num¬ 
ber  of  cases  with  yields  nearly  quantitative  do^  not  lie  through  phenylhydroxylamine;  that  is,  the  scheme  of  Bam¬ 
berger  is  not  used  here. 

We  proceed  to  explain  the  mechanism  of  the  reaction  by  the  theory  of  Goldschmidt  according  to  which  at  the 
basis  of  the  various  products  of  most  of  the  reactions  of  oxidation  of  the  amines  lie  the  radicals  ArN=  or  ArNH-,  which 
result  from  dehydrogenation  of  the  amino  group. 

We  suggest  that  the  process  in  this  case  goes  by  the  following  scheme: 

2ArNH - ►  ArNHNHAr  »  ArN=NAr. 

The  fact  that  hydrazo  compounds  were  not  observed  by  us  among  the  reaction  products  is  quite  natural,  since 
they  are  oxidized  very  rapidly. 

We  consider  that  the  dehydrogenation  in  this  case  goes  to  the  stage  ArNH-  and  not  ArN=  on  the  basis  of  the  fol¬ 
lowing  considerations:  it  would  be  difficult  to  explain  the  almost  exclusive  formation  of  azo  compounds  starting  from 
the  radical  ArN=,  for  in  this  case  we  would  expect  more  varied  products  (phenyl  quinone  imide,  emeraldine,  etc.); 
also,  removal  of  the  second  hydrogen  atom  is  evidently  more  difficult  and  requires  more  severe  conditions  of  oxida¬ 
tion.  Actually,  carrying  out  the  reaction  with  heat  and  in  concentrated  solutions  leads  to  formation  of  a  considerable 
amount  of  amorphous  product  which  is  evidently  based  on  the  radical  ArN=.  The  great  difficulty  in  removing  the  sec¬ 
ond  hydrogen  atom  can  be  explained  by  the  fact  that  N-ethylaniline  does  not  undergo  oxidation  under  these  conditions. 

EXPERIMENTAL 

Experiments  on  determining  the  relative  rate  of  oxidation  of  different  amines.  For  each  experiment  we  took 
0,006  g«mole  of  amine,  1.16  g  CU2CI2,  and  10  ml  of  pyridine.  Shaking  the  flask  was  continued  until  oxygen  absorp¬ 
tion  became  very  slow  (to  0.2  ml  in  5  minutes).  Then  the  flask  remained  connected  with  the  buret  until  the  next  day 
(a  rather  small  amount  of  oxygen  was  then  absorbed).  On  the  next  day  we  isolate  the  products  as  follows:  to  the  con¬ 
tents  of  the  flask  we  added  hydrochloric  acid, and  the  precipitated  azo  compound  was  sucked  off,  washed  on  the  fun¬ 
nel,  dried  in  a  drying  oven  or  desiccator,  and  weighed.  For  final  purification  the  azo  compound  was  recrystallized 
from  a  suitable  solvent.  The  results  of  the  experiments  are  given  in  the  table. 

Azo  compounds  were  not  isolated  in  the  case  of  the  ortho  isomers  of  the  above  amines,  where  oxygen  absorp¬ 
tion  was  very  slight. 

Experiments  on  explaining  the  mechanism  of  the  reaction,  a)  In  the  flask  of  an  apparatus  for  calculating  the 
rate  and  amount  of  oxygen  absorption  was  placed  0.65  g  (0.006  g-mole)  of  freshly  prepared  phenylhydroxylamine, 

0.16  g  of  CU2CI2.  and  10  ml  of  pyridine.  Oxygen  absorption  stopped  after  20  minutes,  in  the  course  of  which  46  ml  of 
O2  (748  mm,  15*)  was  absorbed.  After  subtracting  the  9.8  ml  absorbed  by  the  Cu2Cl2*  nil  of  O2  were  used  up  on 
the  phenylhydroxylamine.  We  calculated  for  complete  oxidation  to  nitrosobenzene  73.2  ml  of  O2. 
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Results  of  Experiments  on  Autooxldatlon  of  Amines 


Amine 

Amount 
of  amine 
(in  g) 

Yield  of  azo  com¬ 

pound 

Melting  point 

(in  g) 

(In  %) 

after  one  re- 
crystalllzation 

according  to 
literature 

Aniline 

0.56 

0.49 

89 

68° 

68® 

p-Toluldlne  (monohydrate) 

0.75 

0.6 

95.4 

144 

144 

m-Toluldlne 

0.64 

0.45 

70 

54 

54 

p-Anisldlne 

0.76 

0.68 

93 

162 

164 

m-Xylldlne 

0.73 

0.5 

68.5 

129 

129 

p-Chloroanlline 

0.76 

0.55 

73.3 

187 

188 

in  -Chloroanillne 

0.76 

0.2 

26.3 

101 

101 

p-Bromoanlline 

1.03 

0.76 

74.5 

205 

205 

m-Bromoanlllne 

1.03 

0.3 

29.4 

125 

126 

; 

p-Iodoanlllne 

1.31 

0.9 

69.2 

237 

237 

m  -lodoaniline 

1.31 

0.5 

30.8 

149 

150 

m-Nltroanlllne 

0.83 

0.1 

12.2 

153 

153 

8 

The  reaction  mass  was  acidified  with  HCl  and  extracted  with  ether.  The  ether  extract  was#  dried  over  CaClj. 

After  distillation  of  the  ether,  an  oil  remained  which  quickly  solififed  to  a  yellow,  crystalline  mass  (0.6  g)  with  m.p. 
34*.  After  recrystallization  from  methanol,  light- yellow  needles  with  m.p.  36*  (azoxybenzene). 

b)  The  experiment  was  repeated  with  twice  the  amount  of  phenylhydroxylamine  used  in  the  previous  experi¬ 
ment  (1.3  g).  There  was  absorption  of  81.5  ml  of  Oj  (748  mm,  15*).  On  the  CU|C1|  was  used  9.8  ml;  hence  the 
QH5NHOH  absorbed  71.7  ml.  The  calculated  value  was  146.4  ml.  of  0|. 

c)  We  took  1.3  g  (0.012  g  mole)  of  phenylhydroxylamine,  1.28  g  (0.012  g  mole)  of  nitrosobenzene,  0.16  g  of 
CUjCl^,  and  10  ml  of  pyridine.  Thirty-two  ml  of  Oj  was  absorbed  (750  ml,  15*).  CujCl]  used  9.8  ml.  CjHsNHOH  ab¬ 
sorbed  22.2  ml  of  Oj,  or  15%  of  the  dieoretical  amount. 

By  steam  distillation  we  recovered  from  the  reaction  mass  0.2  g  of  unreacted  nitrosobenzene,  and  from  the  resi¬ 
due  after  treatment  as  before  we  obtained  2  g  of  azoxybenzene. 

d)  In  a  50-ml  flask  from  which  air  was  removed  by  an  energetic  stream  of  hydrogen  we  placed  2  g  of  nitroso¬ 
benzene,  2  g  of  aniline,  20  ml  of  pyridine,  and  0.2  g  of  CujClj.  Immediately  after  mixing,  the  color  became  dark 
brown.  Hydrogen  was  passed  for  15  minutes  more;  then  the  flask  was  tightly  closed  with  a  rubber  stopper  and  left  until 
the  next  day.  The  reaction  mass  was  acidified  with  hydrochloric  acid  and  extracted  with  ether.  The  residue  after  distil¬ 
lation  of  the  ether  was  steam  distilled.  First  nitrosobenzene  distilled  in  the  amount  of  0.8  g;  then  0.5  g  of  orange- 
yellow  crystals  distilled,  melting  over  a  wide  range  (25-40*).  A  considerable  amount  of  tarry  residue  remained  in  the 
flask.  Repeated  recrystallizations  of  the  crystalline  substance  from  methanol  gave  a  small  fraction  with  m.p.  30-33*. 
Complete  separation  of  the  mixture  was  not  successful. 

SUMMA  RY 

1.  We  have  studied  the  relative  rates  of  oxidation  of  a  number  of  aromatic  amines  by  gaseous  oxygen  in  the 
presence  of  the  pyridine -cuprous  chloride  complex  as  a  catalyst.  We  have  showed  a  marked  relation  of  the  rate  of 
the  reaction  to  the  nature  and  position  of  substituents  in  the  aromatic  ring. 

2.  We  have  found  that  primary  aliphatic  amines  and  also  N-alkyl  substituisd  aromatic  amines  are  not  oxidized 
under  these  conditions.  Hydrazo  compounds  are  energetically  oxidized  to  the  coirt.sponding  azo  compounds.  Rienyl- 
hydroxylamine  is  equally  rapidly  oxidized,  giving  quantitative  yields  of  azoxybenzene. 

3.  We  have  showed  that  themechansim  of  Bamberger  does  not  explain  the  formation  of  azo  compounds  under 
these  conditions.  We  suggest  that  the  latter  are  formed  through  intermediate  ArNH-  radlcals.whlch  dimerize  Into 
hydrazocompounds  with  later  oxidation  to  azo  compounds. 
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Of  the  many  methods  for  obtaining  ferrocene  the  most  interesting  is  the  so-called  "amine  method*  suggested 
by  Wilkinson  [1,2]  in  which  ferrocene  is  obtained  by  condensation  of  cyclopentad lene  with  FeClj  in  the  presence  of 
organic  bases  (diethylamine). 


205116  H  FpC12  4-2(C2H5)2NH  — »  CslIsFoCsHs -f  2(C2H5).,NH  •  HCI 

The  amine  method  is  distinguished  by  its  simplicity  and  the  high  yield  of  desired  product  (84-88%).  In  this 
method  it  is  recommended  to  use  FeClj  in  the  active  form  by  reduction  of  FeCl3  with  powdered  metallic  iron  (finely 
ground)  with  heating  in  a  medium  of  tetrahydrofuran  or  the  dimethyl  ether  of  ethylene  glycol  [3], 

By  observing  all  the  conditions  of  Wilkinson  we  obtained  ferrocene  by  the  amine  method  (in  tetrahydrofuran) 
with  a  yield  of  61%;  we  did  not  get  a  yield  of  84-88%  apparently  because  we  used  a  starting  material  with  a  different 
degree  of  purity. 

We  obtained  higher  yields  of  ferrocene  by  the  amine  method  (65%)  by  using  butyl  acetate  instead  of  tetrahydro¬ 
furan  (with  equal  volume). 

In  order  to  simplify  the  method  of  obtaining  ferrocene,  we  used  the  information  in  patents  for  obtaining  FeCl|, 
which  consists  in  heating  FeCls  with  chlorobenzene  at  about  140*  [4],  We  showed  that  this  method  leads  to  obtaining 
FeClj  which  is  fully  active  in  the  reaction  of  condensation  with  cyclopentadlene  in  the  presence  of  diethylamine. 

Summarized  Table  of  Experiments  on  the  Ferrocene  Synthesis 


TIeia  oT 
fenocene,‘ 


Solvent  for  FeClj 


Base 


A,  Experiments  with  reduction  of  FeClj  by  metallic  iron 


Tetrahydrofuran 
Butyl  acetate 
Ethyl  butyrate 
Di-n -butyl  ether 
Anisole 
Phenetole 

Methylisobutyl  ketone 
Dioxane 
Diisoamyl  ether 
Tetrahydrofuran 
Butyl  acetate 
Butyl  acetate 


Diethylamine 


f  I 

li 

I  Triethylamine  | 


Sodium  ethylate 


B.  Experiments  with  preliminary  reduction  of  FeClj 
by  chlorobenzene 

Diethylamine 

Not  required  (  {  Triethylamine 

Pyridine 


Joe 

1 


61.0 

65.0 

54.5 

42.2 
40.0 
38.0 
27.0 

15.2 
10.8 
6.0 
5.3 


66.0 

14.1 

0 
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For  satisfactory  comparison  of  the  final  results  all  the  experiments  were  carried  out  with  the  same  amounts  of 
reagents  (see  summarized  table).  The  yield  of  ferrocene  was  calculated  on  the  iron. 

As  the  data  in  the  table  show,  good  enough  results  in  the  experiments  of  series  A  were  obtained  using  as  the  sol¬ 
vent  ethers  (di-n-butyl  ether,  anisole,  phenetole)  and  esters  (ethyl  butyrate  and  butyl  acetate). 

In  pyridine,  anhydrous  alcohol,  and  acetone, reduction  of  FeCls  to  FeClj  under  the  influence  of  metallic  iron 
did  not  occur.  If  instead  of  acetone  we  used  methylisobutylketone,  we  could  obtain  a  yield  of  2'^'7o  ferrocene. 

Attempts  to  replace  diethylamine  in  the  second  stage  of  the  synthesis  by  triethylamine,  pyrid  ne,  or  sodium 
ethylate  did  not  succeed.  Below  we  give  a  description  of  the  method  recommended  for  the  synthesis  of  ferrocene. 

EXPERIMENTAL 

In  a  0.5-liter  round- bottomed  flask  fitted  with  a  reflux  condenser  and  a  tube  for  adding  nitrogen  was  placed 
43.0  g  (0.25  g-mole)  of  FeCls  (anhydrous)  and  53  ml  (0.5  g-mole)  of  chlorobenzene.  The  reaction  mixture  was  heated 
in  an  atmosphere  of  dry  nitrogen  for  two  hours  at  140"  (thermometer  in  the  oil  bath).  At  the  end  of  the  reaction  reduc¬ 
tion  was  estimated  by  stoppage  of  weight  gain  of  the  flask  with  the  alkaine  solution  in  which  the  gaseous  hydrogen 
chloride  formed  in  the  reaction  was  absorbed.  The  FeClj  which  was  formed  was  separated  on  a  Buchner  funnel  and 
washed  witli  absolute  diethyl  ether  in  an  atmosphere  of  dry  nitrogen.  The  light-gray  crystalline  powder  of  FeClj 
transferred  to  a  reaction  flask  fitted  with  a  stirrer,  reflux  condenser,  and  dropping  funnel, and  to  it  with  effective  stir¬ 
ring  in  an  atmosphere  of  dry  nitrogen  was  added  a  solution  of  42  ml  (0.5  g-mole)  of  cyclopentadiene  in  100  ml  of  di¬ 
ethylamine.  After  three-hour  stirring,  ferrocene  was  distilled  from  the  reaction  mixture  with  superheated  steam. 

SUMMARY 

1.  We  have  showed  that  in  the  synthesis  of  ferrocene  by  the  amine  method, tetrahydrofuran  used  as  the  solvent 
in  the  reduction  of  FeClj  can  successfully  be  replaced  by  esters:  ethyl  butyrate  and  butyl  acetate.  The  best  yield  was 
obtained  with  butyl  acetate  (BS^Vo). 

2.  We  have  showed  that  the  use  of  such  organic  bases  as  triethylamine,  pyridine,  and  sodium  ethylate  for  the 
condensation  instead  of  diethylamine  results  in  a  sharp  fall  in  yield  of  ferrocene. 

3.  We  have  worked  out  a  simpler  variant  of  the  amine  method  for  obtaining  ferrocene,  including  the  preliminary 
reduction  of  FeClj  by  chlorobenzene. 
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The  reaction  of  colchicine  and  ammonia  with  formation  of  amlnocolchlclde*  (I)  was  discovered  by  Zelsel[l]. 
Then  it  was  shown  that  not  only  ammonia  could  react  thus,  but  also  various  aliphatic  and  heterocyclic  primary  and 
secondary  amines  [2-10].  Exchange  of  a  mobile  methoxy  by  an  amino  group  occun  in  other  alkaloids  of  the  colchi¬ 
cine  group  [11-18]  and  also  in  their  derivative  [6,12,19-22]. 

We  have  assumed  that  in  the  reaction  of  colchicine  with  amino  acids  we  can  also  obtain  N-colchicide  deriva¬ 
tives  of  amino  acids.  For  i^eliminary  experiments  we  have  chosen  amino  acids  in  which  there  is  no  asymmetrical 
carbon  atom,  glycine  and  6  -alanine. 

Amines  react  with  colchicine  alkaloids  in  ratios  of  1.5  to  8  moles  of  amine  per  1  mole  of  alkaloid  [2-6, 8-9, 
13-15,  17].  For  amino  acids  such  an  excess  is  not  enough:  colchicine  reacts  completely  in  the  presence  of  15-20 
moles  of  amino  acids.  It  was  also  shown  that  alkali  had  to  be  present.  N-Colchlcldyl  glycine  (II)  and  N-colchlcldyl- 
6  -alanine  (III)  were  obtained  in  yields  of  about  83^. 

(I)  R  =  H. 

(tl)  R  =  CH,COOH. 

(Ill)  R  =  CH,CH,COOH. 


H3CO 


\ 


MaCO-' 


_ / 


\-NHCOCH3 


I 

U3CO 


1 


X  /Xo 
X/ 


NHR 


With  a  smaller  excess  of  amino  acids  some  of  the  colchicine  did  not  react,  and  without  alkali  the  reaction 
did  not  take  place,  and  colchicine  was  recovered  almost  completely. 

The  positive  effect  of  alkali  is  not  unexpected,  since  alkali  binds  the  carboxyl  of  the  amino  acids  and  thus 
liberates  the  amino  group,  which  in  the  free  amino  acids,  as  is  known,  takes  part  in  the  formation  of  zwitter  ions 
[231. 

We  express  thanks  to  L.  M.  Utkin  for  interest  in  this  work. 


EXPERIMENTAL 

Ten  g  (llYnole)  of  colchicine  (containing  \  mole  of  ethyl  acetate  of  crystallization  [24])  in  25  ml  of  alcohol 
was  mixed  with  a  water  solution  of  amino  acid  and  16  g  (17,7t  moles)  ofsodiurh  hjd'oxide.  A  yellow  color  quickly 
developed  and  grew  stronger  with  standing.  The  solution  was  kept  at  room  temperata  e  for  two  days  and  was  treated 
with  1.0  g  of  activated  charcoal  (alkaline,  variety  AO). 

N-Colchicidyl  glycine  (II).  We  took  31.0  g  of  glycine  (18.2 1  moles)  in  350  ml  of  water.  The  filtered  solution 
which  contained  the  reaction  product  was  acidified  with  hydrochloric  acid  to  a  weakly  acid  solution  to  Congo.  The 
{xecipitate  was  exhaustively  extracted  with  chloroform.  From  the  extract  we  obtained  a  yellow,  tarry  residue  which 
crystallized  after  treatment  with  30  ml  of  acetone.  We  obtained  9.32  g  of  a  yellow,  crystalline  substance.  Recrystal- 
*  This  name  [2]  seems  to  us  more  suitable  than  others  used  in  some  cases. 
tAs  in  Original-Publisher. 


lization  from  a  mixture  of  acetone  and  alcohol  gave  8.39  g  (83.6*^)  of  N-colchicldyl  glycine  (II)  with  m.p.  226-227* 
(decomposition),  [a]p**-236.2*  (c  =  0.479,  alcohol).  Substance  (II)  was  easily  soluble  in  alcohol  and  chloroform,  some- 
whate  less  so  in  methanol,  difficultly  so  in  acetone  and  water,  easily  soluble  in  a  water  solution  of  sodium  bicarbonate. 

For  analysis  It  was  dried  for  six  hours  at  100*  and  3  mm. 

Found  %  C  61.93,  62.03;  H  6.01,  5.98;  N  6.12,  6.36;  OCH,  20.05.  CjaHjeOyNj.  Calculated  %  C  62.41;  H  5.92; 

N  6.34;  OCHj  21.05. 

N-Colchicidyl-6  -alanine  (III).  We  took  36.0  g  of  8  -alanine  ((17. 9*  moles)  in  300  ml  of  water.  After  filtration 
the  solution  which  contained  the  reaction  product  (III)  was  acidified  with  hydrochloric  acid  to  about  oH  4.  The  yellow 
precipitate  was  filtered  off  and  washed  with  water.  Weight  9.19  g,  m.p.  160-162*,  [«][)**- 222.5*  (c=  0.687,  alcohol). 
The  mother  liquor  was  exhaustively  extracted  with  chloroform.  The  residue  after  distillation  of  the  chloroform  weighed 
1.31  g.  For  purification  the  substance  was  reprecipitated  from  a  soda  solution  by  acidification  with  hydrochloric  acid 
to  about  pH  4.  We  obtained  8.63  g  of  substance  which  contained  1  mole  of  water  of  crystallization.  Yield  IS.ffh,  m.p. 
162-165“  (in  a  capillary)  and  159-160“  (on  a  Koffler  block),  225.5“  (c  0.713,  alcohol).  The  substance  was 

easily  soluble  in  alcohol,  chloroform,  methanol  and  acetone,  difficultly  so  in  water,  soluble  in  a  water  solution  of 
sodium  bicarbonate. 

For  analysis  it  was  dried  over  phosphoric  anhydride  for  ten  hours  at  100*  and  2  mm. 

Found  N  6.13,  5.93;  OCH3  19.65,  20.03.  Calculated  %  n  6.14;  OCHj  20.40. 

Found  %  H^O  3.90.  Calculated  %.  Hp  3.80. 

The  mother  liquor  after  separation  of  the  colchicide  derivatives  of  the  amino  acids  could  be  used  for  further 
preparation  of  these  products. 


SUMMARY 

We  have  obtained  N-colchicidyl  derivatives  of  glycineand  6  -alanine,  which  shows  the  possibility  of  reaction 
of  colchicine  with  amino  acids  as  in  the  reaction  with  ammonia. 
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In  the  literature  there  is  a  description  of  the  preparation  in  small  yield  of  2,4-dichlorophenoxydifluoroacetic 
acid  in  the  reaction  of  sodium  2,4-dichlorophenolate  and  methyl  chlorodifluoroacetate  [1],  We  decided  to  extend 
this  reaction  to  other  phenols  and  thiophenols.  However,  in  the  reaction  of  dry  sodium  p-chlorothiophenolate  with 
methyl  chlorodifluoroacetate  we  obtained  a  yield  of  80%  of  p-chlorophenylmethyl  sulfide.  Its  structure  was  shown  by 
oxidation  to  the  sulfone  with  m.p.  95-96*.  A  sample  mixed  with  the  sulfone  obtained  by  oxidation  of  pure  p-chloro- 
phenylmethyl  sulfide  gave  no  melting  point  depression.  When  sodium  phenolate  was  heated  with  methyl  chlorodi¬ 
fluoroacetate  we  obtained  anisole  in  about  the  same  yield.  Thus  we  showed  the  possibility  of  alkylation  of  esters  of 
carboxylic  acids.  We  also  carried  out  the  reaction  of  sodium  p-chlorothiophenolate  with  ethyl  triflucxroacetate.  Here 
we  obtained  p-chlorophenylethyl  sulfide. 

As  is  known,  the  ability  to  cause  alkylation  is  possessed  only  by  esters  ofstrong  inorganic  acids.  Esters  of  carboxyl¬ 
ic  acids  are  not  alkylating  substances.  However,  the  introduction  of  atoms  of  fluorine  into  the  molecule  brings  their 
strength  nearly  to  that  of  inorganic  acids.  Thus,  trifluoroacetic  acid  is  a  strong  electrolyte  and  has  the  dissociation 
constant  0.59  [2]. 
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// 
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The  withdrawal  of  electrons  by  the  fluorine  atom  from  the  radical  R  makes  it  so  positive  that  there  is  the  possi¬ 
bility  of  alkylation  by  esters  of  fluorine-substituted  carboxylic  acids. 

The  reaction  of  sodium  p-chlorothiophenolate  with  methyl  chlorodifluoroacetate  was  carried  out  as  follows. 

We  dissolved  5.8  g  of  p-chlorothiophenol  in  10  ml  of  anhydrous  alcohol  and  added  a  solution  of  sodium  ethylate 
(0.92  g  in  10  ml  of  alcohol).  The  alcohol  was  distilled  off  and  the  residue  was  dried  in  a  vacuum.  The  resulting 
sodium  p-chlorothiophenolate  was  mixed  with  11.6  g  of  methyl  chlorodifluoroacetate  [3]  and  heated  for  nine  hours 
at  90".  The  reaction  mixture  was  poured  into  a  separatory  funnel  and  shaken  with  50  ml  of  ether  and  50  ml  of  1%  sod¬ 
ium  hydroxide.  From  the  ether  solution  after  distillation  we  obtained  5  g  of  p-chlorophenylmethyl  sulfide  (78.8%  of 
the  taken  or  87.8%  of  the  reacting  p-chlorothiophenol).  B.p.  75-76*  (5  mm).  The  alkaline  solution  was  acidified  and 
shaken  with  ether.  From  the  ether  solution  after  removal  of  the  chlorodifluoroacetic  acid  by  shaking  with  a  solution 
of  sodium  bicarbonate  we  obtained  0.6  g  of  p-chlorothiophenol.  The  bicarbonate  solution  was  acidified,  extracted 
with  ether  and  the  ether  was  distilled  off.  We  obtained  1.4  g  of  chlorodifluoroacetic  acid. 

When  we  mixed  4.4  g  of  sodium  phenolate  with  11.6  g  of  methyl  chlorodiflucroacetate,  strong  heating  occurred 
and  the  mixture  darkened.  We  heated  for  15  hours  at  90*.  The  reaction  product  was  separated  by  the  method  descri¬ 
bed  above.  Yield  of  anisole  3.34  g  (77.3%  of  the  taken  or  91%  of  the  reacting  phenol).  We  also  isolated  3  g  of  chloro¬ 
difluoroacetic  acid  and  0.45  g  of  phenol. 

The  reaction  of  sodium  p-chlorothiophenolate  with  ethyl  trifluoroacetate  was  carried  out  in  an  analogous  way. 
To  dry  sodium  p-chlorothiophenolate  obtained  from  2.9  g  of  p-chlorothiophenol  and  0.46  g  of  sodium  in  alcohol  was 
added  8.5  g  of  ethyl  trifluoroacetate.  The  mixture  was  heated  for  20  hours  at  70*  and  was  diluted  with  ether.  We  fil¬ 
tered  off  2.5  g  (92.6%)  of  sodium  trifluoroacetate.  The  ether  was  distilled  off.  p-Chlorophenylethyl  sulfide  was  distil¬ 
led  in  a  vacuum.  B.p.  125-126*  (23  mm).  Yield  2.8  g  (82.4%). 
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For  proof  of  the  structure,  the  p-chlorophenylethyl  sulfide  was  oxidized  to  the  sulfone  by  a  solution  of  hydrogen 
peroxide  In  acetic  acid.  M.p.  36-37*. 

Found  %  S  15.63,  15.76.  C,HP|SC1.  Calculated  %.  S  15.64. 

p-Chlorophenylediyl  sulfide  was  syndieslzed  also  from  sodium  p-chlorothlophenolate  and  ethyl  Iodide,  and  was 
then  oxidized  to  the  sulfone.  M.p.  36-37*.  A  sample  mixed  with  the  other  sulfone  gave  no  melting  point  depression. 
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SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 


FIAN 

GDI 

GITI 

GITTL 

GONTI 

Goaeneigoisdat 

GoaUiiinlzdat 

GOST 

GTTI 

IL 

ISN  (Izd.  Sov.  Nauk) 

Ixd.  AN  SSSR 

Izd.  MGU 

LEUZhT 

LET 

LETI 

LETUZhT 

Maihgiz 

MEP 

MES 

MESEP 

MGU 

MKhTI 

MOPI 

MSP 

Nn  ZVUKSZAPIOI 

NDCH 

ONTI 

OTI 

OTN 

Stioiizdat 

TOE 

TsKTI 

TiNIEL 

TaNIEL'MES 

TiVTI 

UF 

VIESKh 

VNIIM 

VNUZhDT 

VTI 

VZEl 


Phys.  Imt.  Acad.  Sci.  USSR. 

Water  Power  Inst. 

State  Sci.- Tech.  Pieu 

State  Tedi.  and  Theor.  Lit.  Pieaa 

State  United  Sci.-Tech.  Pteas 

State  Power  Press 

State  Chem.  Preu 

All-Union  State  Standard 

State  Tech,  and  Theor.  Lit.  Preis 

Foreign  Lit.  Press 

Soviet  Science  Press 

Acad.  Sci.  USSR  Press 

Moscow  State  Univ.  Press 

Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elec.  Engr.  School 

Leningrad  Electrotechnical  Inst. 

Leningrad  Electrical  Engineering  Reseaidi  Inst,  of  Railroad  Engr. 

State  Sci.-Tech.  Preu  for  Machine  Construction  Lit. 

Ministry  of  Electrical  Industry 
Ministry  of  Electrical  Power  Plants 

Ministry  of  Electrical  Power  Plants  and  die  Electrical  Industry 
Moscow  State  Univ. 

Moscow  Inst.  Chem.  Tech. 

Moscow  Regional  Pedagogical  Inst. 

Ministry  of  Industrial  Construction 
Scientific  Research  Inst,  of  Sound  Recording 
Sci.  Inst,  of  Modem  Motion  Picture  Photography 
United  Sci.-Tedi.  Press 
Division  of  Technical  Information 
Div.  Tech.  Sci. 

Constmction  Press 
Association  of  Power  Engineers 
Central  Research  Inst,  for  Builers  and  Turbines 
Central  Scientific  Research  Elec.  Engr.  Lab. 

Central  Scientific  Research  Elec.  Engr.  Lab  .-Ministry  of  Electric  Power  Plants 
Central  Office  of  Economic  Information 
Ural  Branch 

All-  Union  Inst,  of  Rural  Elec.  Power  Stations 
All-Union  Scientific  Research  Iiut.  of  Metrology 
All-Union  Scientific  Research  but.  of  Railroad  Engineering 
All-Union  Thermotech.  but. 

All'Union  Power  Correspondence  but. 


Note:  Abbrevlatioas  not  on  diis  list  and  not  erqplained  in  die  tiaiulation  have  been  transliterated ,  no  fnrtber 
information  about  dieir  significance  being  available  to  ns.  -  Pnblidief. 


